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ABSTRACT. 


This study was undertaken with the objective of de- 
termining if calcium is limiting for optimum plant growth 
on Solonetzic soils; and to establish useful parameters 
for assessing the calcium status of the soil solution. 
There were three main phases to the work as follows: dis- 
placement of the soil solution at field moisture levels; 
Simulation of the displaced soil solution, by use of solu- 
tion culture, so that, the physiological effect of the con- 
centrations and tatios of 10ns on plant growth could be 
assessed free of any soil physical effects; and soil studies 
to determine if results from solution culture were an accur- 
ate assessment of plant growth in the soil. 

Analysis of displaced soil solutions at half available 
moisture percentage (-1/3 + -15bar/2) indicated that a sig- 
nificant decrease in salinity and magnesium to calcium 
ratio (Mg/Ca) and increase in calcium to total cation ratio 
(Ca/TC) occurred along the Solonetz to Solod soil sequence. 
A decrease in soil moisture from saturation paste to half 
available moisture percentage gave an increase in salinity 
and slight increase in the Mg/Ca ratio. High Mg/Ca ratios 
Ci 6375) )mancde low Cay TCaracios: (0.04°— 0207.) were tound 
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Bnt horizons of Solonetz and Solodized Solonetz soils 
used in the study. 

Yields and root growth of barley (Hordeum vulgare var 
Galt), in solution culture, were reduced when the Mg/Ca 
ratio in solution exceeded 1.0, or when the Ca/TC ratio 
was lower than 0.15; regardless of levels of salinity, 
concentrations of calcium or magnesium, or differences in 
ionic strength. The Ca/TC ratio was found to be more 
versatile than the Mg/Ca ratio. These results agree with 
research on other plant species. Reduced growth was fol- 
lowed by symptoms of calcium deficiency such as withering 
of the emerging leaf. Uptake of calcium was correlated 
(Ya— 2 OSS ew cniecnes Cay, eCaratio el Ne SOLUti On awhile the 
Mg/Ca uptake ratio was correlated (r =0.979) with the 
Dity/ CAmratlOs2 is SOMution, 6 lies Ca/1Caratilorin) solution and 
not the potassium concentration was considered important 
in maintaining the ability of potassium to compete with 
sodium uptake and prevent potassium deficiency. 

Growth of barley in soil from various horizons of 
Solonetzic soils verified the results found in solution 
culture, in that, soils shown by displacement to have ad- 
verse ratios of calcium to other ions, soon developed 
stunted growth and calcium deficiency. Additions of cal- 
cium, mixed into the soil, gave increases in growth, pre- 
vented calcium deficiency and improved calcium and potassium 


uptake. 
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INTRODUCTION 


Adverse factors affecting plant growth on SolonetzZic 
soils are usually attributed to physical impediments which 
prevent root growth, disrupt the mobility of water and 
cause poor aeration of the soil. At the same time, phys- 
iological effects, such as salinity, low nitrogen, and 
ion concentrations and ratios have also been accredited 
some responsibility for reducing plant growth. Investi- 
gations into these latter effects have usually concen- 
trated on the role of high exchangeable sodium (Pearson 
1960), and general problems associated with salinity 
(Bernstein 1975). 

Nutritional disturbances on Solonetzic soils, although 
mentioned in early reviews of the literature (Magistad 
1945) and those more recent (Bernstein 1975) have not been 
adequately researched. For instance, calcium limitations 
for plant growth have often been considered important 
(Abraham and Szabolcs 1964; Abrol 1968; Bower and Turk 
1946+ Bronson and Fireman 1960; Kelly 1963; Pearson 1960; 
Poonia and Bhumbla 1973a; Ratner 1938; and Russell 1970). 
However, inconclusive results such as calcium ammendments 


increasing the calcium content of plants but not affecting 
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yield (Szabolcs et al.1957), or increased yield corres- 
ponding to calcium loss from the soil (Cairns 1970) have 
prevented useful parameters, concerning calcium availa- 
bility, being established. 

A more recent approach to assess physiological eff- 
ects on plant growth has been to estimate the concentra- 
tions and ratios of ions in the soil solution over field 
moisture ranges (Adams 197la). This is based on the theory 
that the soil solution fully characterizes the environment 
of the plant root (Brewster and Tinker 1970; Lagerwerff 
1958, 1960; and Olsen and Peech 1960). Determination of 
concentrations and ratios of ions at field moisture levels 
is significant for Solonetzic soils due to the semi-arid 
climate in which these soils are found. Khan and Webster 
(1966) found that concentrations and ratios of ions varied 
more markedly over the moisture range of a Black Solonetz 
soil than that of an associated productive Eluviated Black 
Chernozemic soil. ‘Therefore changes and differences in ion 
ratios may be important parameters by which to assess nu- 
CeLtronad, LaCcore uh solonetzic Solls. 

Recent research in other areas of agronomy have shown 
that a certain percentage of calcium must be present in 
the root environment to maintain optimum plant production 
(Adams 197la; Epstein 1972; Geraldson 1971; Khasawneh 1971; 
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which are adequate under nonsaline conditions become 
limiting as salinity is increased (Bernstein 1975; LaHaye 
and Epstein 1969). As the effect of ion ratios are mainly 
important at the two extremes of nutrient supply, that is 
toxicity and deficiency, the determination of critical 
ratios of calcium to other ions could provide information 
concerning calcium availability. 

Therefore, with the foregoing facts in mind, the 
objective of this study is to determine if calcium is 
limiting for optimum plant growth on Solonetzic soils; 
and to resolve if the relatively saline conditions found 
in some Solonetzic soils enhance the need for additional 
calcium. Attention will be given to determining useful 
parameters for calcium availability. To achieve this 
objective the study will be divided into four parts as 
follows: 

(1) Characterization of bulk samples from A and B 


horizons of several Solonetzic soils. 


(2) Determination of ion concentrations and ratios 
Of Calcium to other Tons anv the soil) solution, of 
Solonetzic soils under study, over the field mois- 


ture range. 


(3)> “Simulation of the ranges in sodium; “calcium and 


magnesium concentrations and ratios as well as salin- 
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HCV eLOUnNCein thessotlmsolutwons, by wseof solution 
culture, so that, the physiological effects of ion 
concentrations and ratios of calcium to other ions 
on plant growth, could then be assessed free of any 


S01 Lephysical eftects. 


(4) (Using the A and B horizons of Sotonetzic soils 
to determine if results from solution culture (simu- 
lating displaced soil solutions) can predict plant 
growth performance in the soil. Also, to assess the 
affect of added gypsum, mixed into the soil, on plant 


growth. 
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LITERATURE REVIEW 


P=, SsOLONETZLIE sols 


oC CuCemanOsEOrmation 

Solonetzic soils occur in all the five continents, 
being predominant in U.S.S.R., Australia, South America, 
China, Southern Africa, U.S.A., Eastern Europe and Western 
Canada. The SolonetzZic Order in the Canadian System of Soil 
Classification is composed of three Great Groups, Solonetz, 


SolodizedmoolLonetZ sand aSoLod w(CbA TO 76). 


SolonetzZic soils can occur on a variety of parent 
materials wherever brackish groundwater is, or was close 
to the soil surface. They have developed in areas of reg- 
ional or local discharge of saline groundwater or by dev- 
elopment from saline bedrock. In many cases the ground- 
water has become salinized by passage through brackish and 
marine water sediments. Due to the differential permeabil- 
ity of the parent material and difference in local relief, 
groundwater discharge is sporadic forming a mosaic of 
Salinizied areas rather than a continuum (Pawluk, 1973). 
This explains the occurrence of SolonetzZic soils in assoc-— 
lation with “soils not affected "by salinity, such as *Orthic 
Chernozems. 


In the past, two theoriés have prevailed concerning 
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the primary method by which Solonetzic soils were formed 
Coy weteal 960 )- me hemtinrstatheoryecontends athatuthe 
initial stage is the presence of a saline parent material, 
followed by a second stage of leaching which causes a de- 
crease in soluble salts and subsequent dispersion of the 
expansible sodium dominated clay minerals, such as smectite. 
The second theory maintains that saline groundwater, near 
the surface, in areas where evaporation allows sodium salts 
to occasionally rise to upper soil horizons, may cause 
sodium to become adsorbed onto soil colloids. Subsequent 
removal of excess salts by leaching, will gradually create 
conditions whereby dispersion can occur. It is generally 
considered that both theories may be correct in explaining 
the formation of SolonetZic soils. However, the first 
theory could only occur if the salt solution has very high 
amounts of sodium (up to 90%), as the presence of even 
small amounts of calcium or magnesium during desaliniz-—- 
atiLonpeancnailUutaonm (iunderssaturated conditions) .or sche 
soil solution will cause little sodium adsorption (Tyurin 
et al.1960). Such conditions may exist, for extremely 
high levels of soluble sodium, on outcrops of saline sedi- 
mentary material; it may then be concluded that the more 
universal process involved is the upward movement and con- 
centration of salts from groundwater as outlined in the 


second theory. This allows upward movement of sodium under 
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unsaturated conditions causing substantial adsorption of 
sodium. Two main conditions then, must be met for pedogen- 
esis of SolonetZic soils. Firstly, the presence of saline 
groundwater near the soil surface; and secondly alternate 
humid and dry periods; the latter causing a high evaporative 
demand. These two conditions will ensure capillary rise 

of sodium salts to form intermittent communication between 
the soil horizons and saline groundwater, without the build 
Ups ote Salter (iszaboles 1971). 

The SolonetZic soils of Western Canada have been sub- 
ject to considerable research Ree oned to understand the 
processes behind their development (Bowser 1961). The 
three Great Groups mentioned earlier are considered to be 
a genetic sequence because the Solod shows evidence of 
once being a Solonetz by presence of disintegrated humate 
stained peds and other features. The main processes in- 
volved are sodification (alkalization), desalinization and 
solodization. Sodification is the process whereby sodium 
becomes adsorbed onto soil colloids causing dispersion of 
the colloids and downward movement of soluble humates. 
Déesalinization isthe removal of salts by Leaching, due «to 
increased precipitation or lowering of the water table. 

In Alberta, glaciation allowed the gradual development of 
a new integrated drainage system which would result ina 


lowering of the water table (Pawluk 1973). Solodization 
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is the eluviation of the dispersed sodium clays and humates. 
The Solonetz Great Group has a typical morphology due 
tovsodification. SA thin surface A horizon existsy which 
has been modified by plant growth, on top of a compact, 
columnar, impermeable, humate stained B horizon. Further 
desalinization and initiation of solodization forms a solo- 
dized Solonetz, which has a thicker A horizon due to more 
vigorous plant growth, plus an eluvial A horizon (Ae) cau- 
sed by downward movement of sodium clay and humates, to 
give an illuvial columnar B horizon. An increase in vege- 
tation coupled with a lowering of the water table, would en- 
courage recyling of divalent “cations to the surface horizons 
and a decrease capillary rise of sodium salts. This would re- 
sult in the exchange and removal of Sodium, either due to 
exchange by divalent cations or hydrogen from hydrolitic 
reaction of water with sodium clay. A Solod would then be 
formed having a thick A horizon, a humified eluviated A 
horizon (Ahe), and an eluviated A horizon developing at the 
expense of the B horizon. This process continues with the 
dark-coloured surface horizon following the eluviated hori- 
zon downward as the disintegration of the B horizon (cal- 
cium replacing sodium) occurs (Bowser 1961). Therefore, 
the sequence from Solonetz to Solod and resultant morpho- 
logical differentiation of the soil profile occurs when 


the saline groundwater gradually ceases to influence the 
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soil profile. However, renewed groundwater activity and 
persistence of saline water in the solum can result ina 
reverse sequence and ultimate formation of a solonetz or 


even a Saline soil (Tyurin et al.1960). 


2. Chemical Characteristics of Solonetzic Soils 
in Western Canada 


One dominant pedogenic feature found in the Solonetz 
and Solodized Solonetz Great Groups is the layer of salt 
accumulation in the lower B horizon and C horizon (Bowser 
1961). The predominant salts are sodium and magnesium 
sulphates (Cairns 1961), although bicarbonates and sulphate 
salts of calcium may also be present. Electrical conduc- 
tivities of saturation extracts (in mmhos/cm at 25°C) range 
seusreyul i) Geel Wei Big Naletey ieiete. lalswank-qehgh cule) Gerelolit t/ Tele) Shey esis) iotgyey 1e 
horizon (Bowser et al 1962). Often the occurrence of 
readily soluble salts above less soluble salts provides 
evidence for the capillary rise of sodium salts, and their 


continuing effect on these soils (Cairns 1961). 


High exchangeable sodium and often magnesium are found 
in Solonetz and Solodized Solonetz soils (Bowser et al. 
1962: Cairns 1961; and Janzen and Moss 1956). An increase 
in exchangeable calcium of the Bnt horizon and decrease in 
exchangeable acidity of the A horizon occurs, through the 
Solonetz to Solod sequence (Bowser et al.1962). It has 


been suggested by Janzen and Moss (1956) that adsorption 
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of magnesium is favoured by the alkaline conditions found 
in the Bnt horizons of these soils. Evidence is given to 
show that magnesium adsorption is preferred over calcium 
adsorption by sodium clays at high pH. 

In the A horizons pH may range from 5.0 to 6.5, while 
Ehescangesin tne bit Norizonscvingo.c, co GeO s( bowsersetral. 
mOGe-mCalrns @19G 10). 

Although SolonetZic soils have similar amounts of 
nitrogen as associated soils in Ap horizons of the same 
depth (Bowser et al.1962), the distribution of nitrogen 
may differ between Solonetzic and ageelerecd Chernozemic 
soils (Khan and Sowden 1972). The proportions of nitrogen 
aS amino acid, amino sugar and ammonia in fulvic acids 
increased from Solonetz through Solod to Eluviated Cherno- 
zem. Therefore, it was concluded that presence of salts 
had some effect on nitrogen mineralization. Biological 
release of nitrogen has been shown to be lower in Solonetz 
than in,.Ssolodic soils. ‘This was considered a pH effect 
due to the generally low pH of the Solonetz Ah horizon 
(Carrs 19/3). 

Soluble carbonates are not usually found in the Ap and 
Bnt horizons of these soils as the pH of the Bnt horizon 
rarely goes above 8. Soluble chlorides are found only in 
small amounts such as 1 to 2 milliequivalents per liter or 


less. Bicarbonates can range from 1 to 10 milliequivalents 
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per liter. The dominant anion is sulphate (Bowser et al. 
ISIS) 22) ip 

High quantities of dispersed organic matter may be 
found in water extracts from Solonetzic soils. Research 
has shown little evidence of metallo-organic complexes, 
however, ions such as calcium may be in association with 
soluble organic forms (Khan 1970). Examination of humic 
acids extracted from Solonetzic and associated Chernozemic 
soils showed little variation in elemental composition, 
physical and chemical properties (Khan 1971). 

ihe Main criteria for classification of Solonetzic 
soils is the chemistry of the Bnt horizon. In the past, 
the amount of exchangeable sodium has been used to deter- 
mine if a B horizon was considered Solonetzic. However, 
high amounts of exchangeable magnesium caused problems for 
the usefulness of this procedure, also there was often no 
relationship between water soluble sodium levels and exchan- 
geable sodium. For instance, water soluble sodium percen- 
tages of over seventy were found when the exchangeable sod- 
ium percentage was only four (Ballantyne and Clayton 1964). 
Recent classification has used an exchangeable calcium to 
Socdiumeratioeonpelescs=sthanslOwaSea criterionyiornescolonetzic 
Behorizonse (CDA LovGs 

In general, no free gypsum or calcium carbonates are 
found in the soil solum (Cairns 1961; Bowser et al.1962). 


Parent materials often contain calcium and magnesium car- 
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bonates, therefore lime concentration horizons are found 
at depth depending on precipitation. Some gypsum or car- 
bonates may be found in the solum of more saline sodic 
Soule. 

Although intensive research has not been done on 
availability of micronutrients, evidence indicates that 
tieyearesnot shimiting sforiplant growth (Cast nse! 97.3). 
Russian work has found that the total content of micro- 
elements in SolonetzZic soils is close to that found in 
associated soils, also the distribution of microelements 
occurs according to genetic characteristics of the soil 


involved (Gamzikov 1969). 


SeeePoruLuLt veande Plant. Growin 


Fertility of Solonetzic soils usually increases along 
the Solonetz to Solod sequence. This sequence also shows 
an increase in water penetration, exchangeable calcium and 
decrease in exchangeable sodium and salinity. According 
to Tyurin et al.(1960) two main factors are responsible 
for limiting the fertility of these soils. Firstly, chemi— 
cal factors such as salinity, low concentrations of biva- 
lent ions and pH, may cause an adverse environment in the 
soil solution. Secondly, plant growth is retarded by poor 
physical properties such as low air-water permeability, 
hardness, high bulk density, lack of structure when moist, 


and swelling. Low levels of nitrogen availability 
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have also been observed (Cairns et al 1962). 

It is the consensus of most sources that the main 
limiting factor for plant growth is adverse physical ef- 
fects. Tyurin et al.(1960) in a review of Russian work 
indicated that unless exchangeable sodium exceeded 40 to 
60%, little detrimental chemical effects occurred. At 
high levels of exchangeable sodium, calcium may become 
limiting. Therefore, the main effect of high exchangeable 
sodium was in creating adverse physical conditions. Simi- 
lar conclusions are given by Szabolcs (1971) in a review 
of Solonetzic soils of Eastern Europe. Again, high ex- 
changeable sodium affects physical and water regime pro- 
perties. Available nutrients may be high but deficiency 
of available water, due to high exchangeable sodium, pre- 
vents nutrients from reaching plant roots. 

However, both the above sources mention the adverse 
effects of salts in hindering uptake of water and nutrients 
by plants, as well as specific effects of salts. Salts 
may also have an adverse effect on microflora, although 
(Tet lest seknowneinethisearca i Tyurinect mal! 9OO) mucamris 
(1963) has shown that low microbial activity found in some 
S‘olonetz soils was due to lack of an available source of 
energy, which limited nitrogen mineralization. 

High levels of exchangeable or soluble magnesium, in 


Solonetzic soils have led to speculation that it may be 
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involved in affecting plant growth. Tyruin et al.(1960) 
stated that the affect of magnesium should be viewed from 
a Standpoint of unfavourable chemical properties and needs 
further investigation. Cairns (1961) also notes the de- 
crease in Mg/Ca ratio along the Solonetz to Solod sequence. 

Natural vegetation on SolonetZic soils and especially 
along a Solonetz-Solod sequence is highly indicative of 
the retreat of salts and improved water regime. Solonetz 
soils have shallow rooting plants often xerophytic, along 
with deep rooting halophytes. As the groundwater ceases 
tomplayearrole in dictating thertype of vegetation, more 
legumes and tall grasses will predominate (Tyurin et al. 
POCO) me ice saciid O01 Cat.OlpoLetiesCOndLulons whdcn 
agronomic plants will be subjected to in crop production 
on Solonetzic soils. 

Low levels of nitrogen reduce fertility on solonetz 
and Solodized Solonetz soils. These low levels are attri- 
buted to reduced mineralization due to low pH or presence 
of salts (Cairns 1973: Khan and Sowden 1972). 

Moisture is certainly a limiting factor for optimum 
plant production on both SolonetZic and associated soils. 
However, Solonetz and Solodized Sslonetz have the added 
disadvantage of salts which interfere with water uptake, 
and physical effects which interfere with water mobility. 


Therefore water availability is a major factor affecting 
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fertility of these soils. 

In conclusion, the restrictions governing the fer- 
Cilteyeonesolonetzicvsoils*tendsto restrict thes qrowtn of 
crop plants mainly to the A horizon. This concept of 
‘flower pot agriculture' has been described previously by 


Cairns (1961). 


4. Exchangeable Sodium 


Much research has been done on the role of exchange- 
able sodium on plant growth. Under nonsaline conditions 
the amount of exchangeable sodium can be critical for cer- 
tain crops (Bernstein 1975). Some crops such as beans 
(Phaseolus spp) are affected at exchangeable sodium percen- 
tages (ESP) of about 10. Most crops are not affected 
nutritionally until the ESP exceeds 25. Certain crops such 
as tall wheatgrass (Agropyron elongatum) can withstand an 
EGProteover 50) (Bernstein 197/75). Tolerance of crops to 
high ESP has been related to low root cation exchange 
capacity (Bajwa and Bhumbla 1971); ability of plants to 
accumulate sodium in foliage rather than roots (Bower and 
Wadleigh 1948); low calcium demand (Pearson 1960; Tyurin 
et al. 1960): ion selectivity mechanisms (Russell 1970) and 
dDility eOLeDlantsmtomabsOrbenucrit Onally sadequave Vevels 
of calcium and magnesium from low concentrations of these 
elements in the soil (Bernstein 1975). 


Early Russian work indicated that the deleterious 
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effect of exchangeable sodium on cereals occurred when the 
ESP exceeded 50 (Ratner 1935; 1938). At these high levels 
of exchangeable sodium a competitive effect between roots 
enoesOlUncoLLoidss 1 Orscal Cium OCGULS ma ulnis  Canuresi! ta ii 
desorption of calcium from the plant roots by the soil 
cOMloldiomayurin et. al. LOGO), 

American work also indicated a breakdown in the cal- 
cium regime and reduction in yields when the ESP was high. 
Magistad (1945) in a review on sodic soils indicated that 
an ESP above 40 was deleterious. Other work by Bower and 
Turk (1946) with alfalfa (Medicago spp) showed that appli- 
cations of calcium gave increased yields and calcium lev- 
els in the foliage. 

More intensive treatment has been given this problem 
by Bernstein and Pearson (1956). They found no direct 
relationship between composition and yield as ESP increases; 
that is a decrease in growth showed no increase of sodium 
content of the foliage. They concluded that sodium accumu- 
lation in the roots may be a factor in affecting water 
absorption. Work with cereals confirmed earlier Russian 
work, indicating that wheat (Triticum spp) and barley 
(Hordeum spp) were not reduced in yield until the ESP ex- 
ceeded 40 to 50 (Pearson and Bernstein 1958). Yield was 
related to exchangeable sodium rather than absolute sodium 


in the soil, although ths concept was later modified to 
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include the concentration of sodium in the soil solution 
(Bernstein 1975). Recent USDA publications (Pearson 1960) 
-_ advise producers to use low calcium demanding plants on soils 
with high ESP. They also state that retarded growth of crops 
below an ESP of 20 is due to physical effects, which is fur- 
ther aggravated by nutritional effects as the ESP increases. 
Increasing ESP has been shown to cause an increase in ab- 
sorption of sodium and decrease in absorption of calcium, 
potassium and micronutrients. Although the latter decrease 
may be due to increase in pH (Bains and Firman 1964). 
Research has also been concentrated on soils with 
high ESP plus high exchangeable magnesium. Many SolonetzZic 
soils of Western Canada would fall into this category 
(Ballantyne and Clayton 1964; Bowser et al.1962; Cairns 1961). 
High exchangeable magnesium may be detrimental if high ESP 
is also present, as this combination is usually indicative 
of low exchangeable calcium (Joffe and Zimmerman 1944; 
Russell 1970). A high exchangeable magnesium to calcium 
ratio can also have adverse effects on plant growth, re- 
sulting in calcium deficiency (Joffe and Zimmerman 1944; 
Vlamis 1949). Russian work has concentrated on the extent 
of sodium saturation of humic acids (Tyurin et al-1960). 
They claim that high sodium humate levels can lower the 
tolerance of plants to ESP; the sodium humates being more 


toxic than the mineral constituent. 
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In summary then, the relatively low ESP of Solonetzic 
Bnt horizons in Western Canada (between 7 and 30) would 
indicate only small nutritional limitations exist. However, 
combinations of medium ESP and high exchangeable magnesium 


does exist and could provide nutritional problems. 


5. Amelioration 

Methods of amelioration are usually based upon natural 
pedogenic processes which occur along the Slonetz to ®lod 
sequences. The aim of amelioration is to hasten these pro- 
cesses, so that more favourable conditions are created for 
crop growth. Once these are achieved, crops will continue 
the process by recycling divalent cations from lower hori- 
zons (White 1971) and improving porosity and soil struc- 
ture by more vigorous root growth, which in turn gives 
greater aeration and water infiltration (McNeal et al.1966). 
The end result iS a soil solodic in nature, showing a de- 
crease in exchangeable sodium and magnesium and an increase 
in exchangeable calcium. At the same time all previously 
mentioned adverse physical and chemical effects are vastly 
improved. All this of course, is dependent on the princi- 
ple of continuing groundwater retreat and disconnection 
from the soil solum, as normally occurs along the Solonetz- 
Solod sequence. 

The application of calcium compounds is usually recom- 


mended for amelioration of Solonetzic soils. Gypsum 
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(CaSO, A 2H.0) is often used due to its abundance as a by- 
product of various industries and thus economical. Three 
main disadvantages can be mentioned in relation to use of 
gypsum. Firstly, it has a relatively low solubility in the 
Soil which is further reduced by high amounts of sulphate 
ions present in the soil solution and subsequent common ion 
effect. Solubility can also be reduced by protective films 
of Caco, or humate adsorption onto gypsum particles (Tyurin 
et al.1960). The result of decreased solubility, is that 
the desired exchange of sodium by calcium is impeded. Fur- 
ther to this, the gypsum fails to provide a sufficiently 
strong electrolyte solution to maintain water infiltration 
through sodium saturated clays, which tend to disperse under 
low concentrations of electrolytes. This however, may not 
be a problem if the ESP is below 20 (Graveland and Toogood 
1963). The second disadvantage of using gypsum is that it 
lowers the pH in the already acidic A horizon (Cairns 1972). 
A third disadvantage is that a yield decrease can occur for 
a few years after application of the gypsum. This has been 
noted by Cairns (personal communication). Russian workers 
claim that the decreased growth is due to the slow adaptation 
of microorganisms to the new environment caused by displaced 
sodium. This results in decreased mineralization (Tyurin 

et al.1960). However, application of gypsum plus nitrogen 


Wildlmcorrect this decrease (Carter etwalel97/7)% 
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Gypsum has been used successfully for crops which 
have a high calcium demand such as legumes and other 
_dicotyledons (Poonia and Bhumbla 1973a). Also, in saline- 
sodic soils, where maintainence of adequate electrolyte 
solutions is not a factor, applications of gypsum can 
improve yields and increase calcium and potassium uptake 
(Poonia and Bhumbla 1973b). In instances where calcium is 
not a nutritional factor, applications of gypsum may only 
increase uptake of calcium and not increase yield (Szabolcs 
et al.1957). However, if calcium is a limiting nutritional 
factor, then an increase in soluble calcium may increase 
yield even if no change in exchangeable sodium takes place 
(Bronson and Fireman 1960; Obrejanu et al.1970). This of 
COUrSE Wl lino OCCubel brother Jimrting, factors exist. 

In order to render gypsum more effective, work has 
been done on applying gypsum with the seed. Small amounts 
of gypsum (10-15% of gypsum equivalent) have increased 
yields of cereals by 8-25%. The reasons given for this 
increase were exchange of sodium by calcium, amelioration 
of nutritional calcium limitation and improvement of physi- 
cal and biological soil properties in the seed zone (Abra- 
ham and Szabolcs 1964; Abraham 1965). However, other re- 
search has shown that long term applications of gypsum with 
the seed gave little overall yield increase (Sambur 1963). 


This indicates the danger of generalizing from short term 
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experiments. In the case of legumes (Phaseolus spp) in- 
creases in growth, nodulation and nitrogen fixation have 
been observed when caco., one Caso, were pelleted with the 
seed on a sSaline-sodic soil (Chhankar et al.1971). 

~The use of gypsum in combination with other salts has 
been considered in attempting to overcome the disadvantages 
of gypsum. Tyurin et al.(1960) mentions that use of sod- 
ium chloride will increase the solubility of gypsum and 
help maintain sufficient electrolyte concentration for 
water infiltration. Similar results are given by Reeve 
and Bower (1960) who used high salt waters to maintain floc- 
culation. The saline solution contained high amounts of 
Givalent ions, which according to the 'valence-dilution' 
effect would be preferentially adsorbed over mono-valent 
ions at high dilutions. Another factor to be considered 
is that mixing the gypsum with other ions will cause incom- 
plete exchange of sodium ions, so that calcium will be 
Spread over a greater depth and not left to saturate only 
the, surtace horizons “Bolt 976). mCanstersct val. (97 /peused 
gypsum in combination with ammonium nitrate to achieve 
gypsum penetration. Ammonium nitrate will increase gypsum 
solubility and was shown earlier by Cairns and van Schaik 
(1968) to aid water infiltration. In all these techniques 
of improving gypsum penetration, the use of irrigation was 
often an important aspect of supplementing the usually low 


precipitation. 
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Mobilizing the natural calcium supplies of the soil 
is another ameliorative method. In soils which contain 
Caco, in the surface horizon, the application of compounds 
(e.g. sulphur compunds) to lower the pH, will cause more 
solubilization of Caco3. Another method of utilizing 
native calcium is by deep-plowing. This method can only 
be used on soils which have a salt accumulation (gypsum- 
lime horizons) at shallow depth. Soils which have high 
sodium to calcium ratios and low extractable calcium in 
the lime-salt horizon do not lend themselves to deep plow- 
ing (Cairns 1976). Russian work has Henle tone that mixing 
the salt layer with the Bnt horizon will lead to a favour- 
able ratio of sodium to calcium for exchange displacement 
of sodium (Tyurin et al.1960). Canadian work also indicates 
that mixing the horizons causes a decrease in the sodium 
to calcium ratio, improved water infiltration, increased 
root area, and a decrease in exchangeable magnesium (Bowser 
and Cairns 1967).) Yields of alfalfa were doubled whereas 
cereals showed small increases. Deep plowing has shown 
promise for ameliorating soils with very unproductive B 
horizons (Cairns 197la). Further work showed that mixing 
horizons stimulates microbial activity and thus increases 
MitHnogjgenmavel lability. (Cairns) 197 2)egealnisawas (brought 
about by an increase in pH which allowed greater symbiotic 


nitrogen fixation and nitrogen mineralization. However, 
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NOrzZon mixing can be detrimental, as the beneficial 
physical effects of the humified A horizon are often lost 
- when mixed with a B and C horizons, resulting in seedbed 
problems (Cairns 1976). 

Although it is generally thought that the main processes 
needed for amelioration are decreases in sodium to calcium 
ratios and increased water infiltration, some research has 
shown that other limiting factors are involved. Long-term 
fallowing gave increased productivity and improved nitro- 
gen status, although a concomitant loss of extractable 
calcium and gain of extractable oat onan the A horizon 
eecurred.) (Carrnss19 7/0). 

Low levels of nitrogen have been observed on sodic 
Soils, (Cairns et alylvG2> Tvurin et al.1960). (Russian 
work has shown that improvement of the nutritional regime, 
by adding nitrogen will enhance the salt tolerance of cer- 
tain crops (Tyurin et al.1960). Canadian work went further 
and demonstrated that application of nitrogen fertilizers 
improved yields (Cairns et al.1962); increased root growth, 
uptake of nitrogen and potassium, moisture extraction and 
sodium leaching (Cairns et al.1967); and increased soluble 
calcium and potassium and over a long period of time grad- 
ually reduced exchangeable sodium below 15% to a 30cm depth 
(Carrns L9/lb). = HEfect of nitrogen fertilizers on Toot 


growth was especially significant. Root mass was doubled 
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along with increased activity within and below the Bnt 
horizon; evidently the hard B horizon is not always a bar- 
moLrenmtOeroolL growth s( Cairns et al.,19/6).... Other, work, con— 
firms the above results and stresses the ability of nitro- 
gen fertilizers to increase yield and uptake of nitrogen, 
phosphorus, potassium and calcium (Abrol 1968: Chander and 
Abrol 1972: Latkovics 1965; SzabolcsS and Latkovics 1967: 
Zayats 1972). However, the beneficial effects of ammonium 
nitrate, especially the ammonium ion on soil structure may 
be short lived (van Schaik and Cairns 1974). This necessi- 
tates the use of calcium compounds to give permanent effects. 
Also, high amounts of ammonium nitrate by rapidly increasing 
water infiltration may encourage greater sodium adsorption, 
as the ammonium ion displaces calcium from the soil colloids 
and in turn may be displaced by sodium (Carter et al.1977). 
Phosphorus limitations have often been cited as a 
possible nutritional factor on sodic soils (Krogman and 
Milne 1968). Other observations show that soluble phos- 
phates may increase with depth (Cairns et al.1962). Rus- 
Sian work indicates that all genetic horizons contain ade- 
quate phosphorus for plant growth, except some lower hori- 
zZOons) OL subsoils (fyurin’ et al21960).9) it may) be that: low 
phosphorus levels are a regional problem as Tyurin et al. 
(1960) reviewed work which showed phosphorus limitations 


were common to both Solonetzic and associated Chernozemic 
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soils. However, factors common to sodicity may slow phos- 
phorus mineralization as it does with nitrogen. Certainly 
‘a high pH found in the B horizon does hinder availability 
of phosphorus (Srivastava et al.1971). 

In conclusion then, the amelioration of Solonetzic 
soils involves the correction of nutritional and physical 
effects. Invariably, the methods used in amelioration 
cause increased water infiltration which may allow renewed 
groundwater activity to occur, in the soil solum. There- 
fore caution should be used to prevent secondary salination 


by a rising water table (Tyurin et al.1960). 


Ii - FACTORS AFFECTING PLANT NUTRITION 


ie CONmUDCAKer. LOMeGiIC mp0 


Controversy exists as to how plant roots obtain nutri- 
ents from the soil, which has an important bearing on the 
ability, of Solonetzic soils to provide nutrients for plant 
growth. 

Contact exchange, the ability of ions to move from 
soil colloids to the root cation exchange sites, is often 
cited as an important factor in ion uptake (Jenny 1966). 
The actual mechanism has been described as overlapping of 
oscillating ions in the diffuse double layer of root cation 
exchange sites and soil colloids (Lagerwerff 1960). Other 


sources claim that the composition of the soil solution 
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phase fully characterizes the environment of plant roots 
(Brewster and Tinker 1970; Elgably 1955; Lagerwerff 1958; 
- Olsen and Peech 1960). 

Contact exchange differs from exchange diffusion in 
that the former envisions actual contact between root and 
soil colloid, while the latter implies contact of the dif- 
fuse double layers only. Contact exchange has been shown 
to occur between root plugs and iron oxides (Charley and 
Jenny 1961). Work with chelates has also shown that che- 
lated iron can be directly exchanged for ions on root sur- 
faces (Wallace and Mueller 1976). Seltebinev: results occurred 
with calcium ligands when the concentration of ionic cal- 
cium was at a low level (Malzer and Barber 1976). 

Models of how roots obtain ions differ according to 
the acceptance or rejection of exchange diffusion. Some 
sources state that plant nutrients reach roots by root 
interception (involving exchange diffusion), mass-flow 
and diffusion (Barber et ale1963). Moreover, they claim 
that exchange diffusion will provide much of the calcium 
and magnesium, while diffusion will account for the nitrogen 
and phosphorus (Barber et al 1963: Oliver and Barber 1966). 
Others would claim that only mass-flow and diffusion is in- 
volved, as root interception is really only another aspect 
of diffusion (Brewster and Tinker 1970). As the apical 


region, of. the: root is pushed into unexploited parts of the 
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soil volume, the original concentrations of ions are 
rapidly depleted resulting in changing rates of diffusion 
(Clarkson 1974). Therefore the dynamic nature of diffu- 
Sion could explain the mechanism of root interception. 
Further work to determine if exchange diffusion was 
a factor in root uptake has been done by Barber et al.(1971). 
They noted that the calcium to strontium ratio was differ- 
ent in solution than on the exchange complex, due to pref- 
erential adsorption of calcium over strontium. It is al- 
ready known that uptake of strontium and calcium occurs in 
the same ratio as that found in the root medium. Therefore 
utilizing this principle, plants were grown in soil and the 
strontium to calcium ratio of the leaves compared to the 
ratio in solution and on the exchange sites. It was found 
that the ratio in the leaves reflected that of the exchange 
Sites when mass-flow was kept to a minimum by relatively 
high humidity. In cases where mass-flow was high the ratio 
reflected that of the soil solution (Bole and Barber 1971). 
Other research has shown that the difference in 
abuliity obeaplantsatostake supscatrons stromethe soil ewascwcon— 
trolled by the cation exchange capacity of the root (Drake 
et al.1951). However, calcium usually predominates on the 
root cation exchange and yet potassium is accumulated by 
cells at rates some 20-60 times greater than those for 


calcium (Bowling 1976). ‘This would indicate that there is 
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no relationship between exchange capacity of the root and 
subsequent accumulation in the plant. However, divalent 
ions would only predominate on the root exchange sites 
under dilute conditions. According to the valence-dilution 
effect, mono-valent ions would dominate under high sodium 
Saline conditions (Wiklander 1966). 

Recent research into root physiology of cereals has 
found the presence of rhizoplane fibril aggregates between 
the root cap and root hair zone. They are composed of 
poly-glacturonic acids, and due to their small size (20nm) 
have been postulated to play a role in accumulating bound 
cations from the soil exchange sites (Leppard and Raman- 
moorthy 1975). 

In summary, the mode of ion absorption is an important 
LAGCCOMUOG.oOVONeEL ZI LCE SOLisSpand plant mute lLerOn. elon L 
solutions of Solonetzic soils due to colloid exchange sites, 
solid salts and adsorbed salts, often have different ratios 
of ions in solution phase than those on the adsorbed phase 
(Khan and Webster 1966). Also, at low moisture contents 
the diffuse double layer volume of the soil colloids may 
take up a large portion of the smaller pore space (Bolt 
1976). Soils of low calcium concentration depend heavily 
on adequate diffusion to supply sufficient calcium for 
plant needs (Clarkson 1974). Soils which fail to satisfy 


soil solution equilibria due to impeded diffusion, may 
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cause conditions to exist where exchange diffusion gains 
in importance (Lagerwerff 1960). In other words, exchange 
diffusion is important where equilibrium in the soil solu- 


tion becomes difficult to maintain due to low diffusivity. 


2. salinity 

Several mechanisms whereby salts affect plant growth 
have been observed. Firstly, salts can decrease water 
availability to roots due to adverse water-potential gradi- 
ents. To some extent, this may be overcome by osmotic ad- 
justment within the plant. This is achieved by increasing 
the sap concentration (decrease osmotic potential). However, 
a time lag exists between osmotic adjustment and increasing 
Salinity levels of the soil solution. Also, inability to 
absorb salts at high enough rates to counteract the subse- 
quent dilution from adjustment and growth, will still en- 
sure some growth reduction (Bernstein 1975; Meiri and Shal- 
hevet 1973). Further to this, excess salts can build up 
in cell walls as the supply exceeds the rate of ion uptake 
by cells. This will result in reduction of osmotic poten- 
tial of cell walls and subsequent dessication of the vacuole 
(Meiri and Shalhevet 1973). 

A second mechanism of salts in affecting plant growth 
is by changing the balance between root and shoot hormones. 
Increasing water stress will increase abscisic acid pro- 


duction (growth inhibitor) and decrease cytokinin levels 
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(growth promotor) with an overall reduction in growth 
(Bernstein 1975; Poljakoff-Mayber and Gale 1975; Meiri and 
Shalhevet 1973). 

Other mechanisms are: damage to plant cells and cyto- 
plasmic organelles by accumulating salts: interference 
with normal metabolism, such as increasing respiration and 
reducing photosynthesis; and alteration of enzyme activity 
Or structure. 

External factors may also increase or reduce salinity 
effects. High temperatures will increase salinity damage, 
although some results indicate only a summation of temper- 
ature and salinity effects occur rather than an interaction. 
Other external factors such as high levels of radiation and 
low air humidity can increase salinity effects. These 
latter two factors are involved in controlling transpir- 
ation rates which can alleviate or increase water imbalance 
(Poljakoff-Mayber and Gale 1975). 

Specific ion effects can also reduce plant growth 
(Ayoub and Ishag 1974; Lagerwerff and Eagle 1961; Wadleigh 
and Gauch 1942). Ions such as sodium, chloride, boron, 
bicarbonate, magnesium and sulphate may cause specific ion 
effects. The last two are important as their specific 
toxic effect is mainly indirect, in that sulphate will re- 
strict calcium uptake and promote sodium uptake; while 
magnesium will reduce calcium uptake and cause calcium de- 


ficiency (Meiri and Shalhevet 1973). 
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Variations in plant response to salinity according to 
Poljakoff-Mayber and Gale (1975) are due to five factors: 
-1. ability to exclude salt from sensitive tissues (compart-— 
mentalization); 2. ability to achieve complete osmotic ad- 
justment; 3. inherent stability of membranes, enzymes and 
macromolecules to high ionic concentrations; 4. ability 
to manufacture factors to stabilize macromolecules; and 5. 
ability to apply other adoptive modifications. According 
to Greenway and Rogers (1963) barley (Hordeum vulgare) can 
accumulate ions in the foliage as an adaptive mechanism 
LOLEOrOWEN on esaline So1ls. | 

An important aspect, concerning plant growth, in sal- 
ine solutions is ion absorption. Research has shown that 
potassium can be absorbed more efficiently in saline solu- 
tions by halophytes than glycophytes (Epstein 1969). Suf- 
ficient potassium could be absorbed even in high sodium 
solutions as long as calcium was present (Rains 1972). 

High ion absorption will result in an imbalance of cations 
and anions within the plant. As anions become incorporated 
into metabolites, the excess cations which remain need to 
be balanced. ‘Therefore, ability for organic acid synthesis 
allows maintenance of intercellular ionic balance and ion 
absorption in halophytes. Further work with halophytes has 
shown that ion absorption in saline solutions stimulates 


respiration. lt is thought that ethevextras energy required 


ae, rican lated 7 


‘ees a | lia a . 


emai anise atte fiend ses 6H “poke 
; bn ‘itgate hc Age ws oti oan 
at Glad A idk TS isd pid ts wear 
2 jean? igvAdGexteg sds dein 33. 


va 
=. 15 376, SS 240 iist® 49 OPW ae sev 


PLN ais lose wise aaesee iris 
=n wR! Sotaad 1 hSeTiT ean, See F 
Fag Bo . ria cw tc. “Dacia ery, © VIS Pets 
it ioe ary ies a '@ 
: * . 7 
=< ati we 4 we rig i 1:2 eS =| = Deere 8, a] $US ReMgeS | 
i rie bot Samay parbaveeitan St ot) eave 


' : 
i 
Les = ¢ ai rare oe yews Say? Cato a te aso 


«bye ee ester ren: =O rae penny 1 ooh 
ee te ig ‘ af* bids ey tide ala choy, aie 
Ste adias): shrteag se ea lay eo tad a. 
wneitis-th re Lai” ng, if ele t tie 4 hente 
nari tea aed gris af. fd "aha “ine vat 
5S tees athe wens beet Pure = 


=the samy. bow a 


32 


for ion absorption influences the rate of respiration. 
Therefore, “ability for high ion absorption, organic acid 
synthesis and regulation of respiration are mechanisms 
necessary for growth in saline solutions (Rains 1972). 
Calcium also plays a role in regulating ion transfer 
in saline media (Bernstein 1975: Poljakoff-Mayber and Gale 
1975; Rains 1972). The actual role of calcium is explained 


Ty ranoulerssectilon. 


Se COLUGION Culture 

Soil-root associations are difficult to study due to 
the many factors involved. Since many variables are in- 
volved, methods have been adapted which are more conducive 
to experimental control. One such method is hydroponics 
or solution culture, which enables intensive study on the 
effect of mineral concentrations and ratios of ions for 
plant growth (Epstein 1972). 

Several disadvantages can be mentioned in regard to 
solution culture. First of all, root’ hairs commonly pres-— 
ent in soil-grown plants are frequently absent on roots 
grown in water culture. Secondly, the microflora of the 
root surface will differ, which could have a bearing on 
plant growth. Thirdly, the mantle of mycorrhizal fungus 
which usually develops in soil-grown roots will be absent 
(Bowling 1976). ‘These factors are of great importance for 


study of certain elements such as phosphorus but will not 
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De@soulinttingsrorectudymotamayorscations: 

Certainly the advantages of solution culture lie in 
the area of assessing the physiological role of a certain 
element, determining interrelationships between certain 
elements, and in characterizing nutrient deficiencies 
(Gauch 1972). In Solonetzic soils it helps determine whether 
the beneficial effects of calcium enrichment are partly 
nutritional or entirely due to improving the physical pro- 


perties of the soils. 


LET a= ~CALEGIUM 


i eNUcCrLe Lona lenole 

Although calcium is regarded as a macronutrient only 
small amounts are actually needed for plant growth. Dicoty- 
ledons usually have greater concentrations of calcium in 
their foliage than monocotyledons but can absorb calcium at 
a greater rate (Loneragan 1968). Therefore as long as a 
constant level of calcium is maintained in the root envir- 
onment, the plant will have adequate calcium. This will 
have practical applications in soils of relatively low 
calcium and impeded diffusion. Another factor concerning 
CarCTUMenULLTCLON 18 tne adirrticuLlty With woicie Cadclum is 
retranslocated within the plant. Therefore, growing tips 
must always have an adequate supply of calcium in the root 


environment (Fong and Ulrich 1970; Loneragan and Snowball 
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1969). Moreover, this indicates that calcium deficiency 

can occur at growing points even though other parts of 

- the plant have adequate calcium. This was shown by Mar- 
schner and Richter (1974) who exposed plant roots to dif- 
ferencetevelssOtecalcium.. They Lound that, rootstipsmwould 
develop calcium deficiency even though the basal roots 

were Supplied with adequate calcium. Therefore no movement 
of calcium from basal roots towards the growing tip occurred. 

Calcium plays an essential role in cell wall formation. 
Deposition of calcium pectate in the cell wall increases the 
rigidity and hardens the structure. However, under low 
calcium levels, normal cell walls can still be produced. 
This indicates that deposition of calcium pectate may not be 
that important and that the role of calcium may be more 
complex (Wyn Jones and Lunt 1967). 

Model systems of membranes indicate the probable role 
of calcium in stability of membrane constituents. Constit- 
uents of membranes like phospholipids can have their sur- 
face tensions reduced by binding of calcium ions (Wyn Jones 
ane sbunte 19677). 

Chromosomes and nucleic acids such as DNA and RNA also 
form complexes with calcium. The calcium ions function as 
ionic bridges, which can easily be removed by EDTA. It 
would seem as if calcium prevents dispersion and may also 
confer specific configuration to nucleic acids (Wyn Jones 


and Lunt 1967). These authors also give extensive evidence 
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of calcium involvement in enzyme activity or as an enzyme 


component. 


2. Physiological Role 


Calcium has long been known to protect cell membrane 
InLeEgrnt cy. (Epstein 1961, 91962,81972* ‘True 1922) “The 
requirement of calcium in the root medium for actual growth 
purposes is actually very low. This was demonstrated by 
Wallace et al. (1966, 1968) who grew plants in solution cul- 
tures with 1/50 or less calcium than that found in Hoagland 
solution (Hoagland solution contains 5mM calcium). Plant 
growth was normal as long as copper, iron, manganese, Zinc, 
strontium, magnesium and other ions were kept at low concen- 
trations. Further research showed that calcium levels re- 
quired at the root site can be low, as long as other cation 
concentrations are also low (Lund 1970). 

The actual mechanism involved in calcium protection of 
membranes is still not clearly understood (Poljakof£f-Mayber 
and Gale 1975). True (1922) found that very low levels of 
calcium in solution allowed lack of retention and leaking 
of ions from the roots into solution. According to Jen- 
nings (1969) calcium reduces ion leakage from cells by 
filling pores in the plasmalemma. Calcium has been shown 
to decrease the permeation of hydrated mono-valent cations 
(e.g. sodium) across the plasmalemma, but will stimulate 


the permeation of smaller hydrated mono-valent cations such 
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as potassium (Jacobsen et al.1961; Waisel 1962). This 
ability of calcium to accelerate potassium uptake was first 
discovered by Viets (1944) and is commonly referred to as 
the 'Viets effect'. 

Calcium has been found to moderate the influence of 
salinity on ion uptake and plant growth. Proportions of 
calcium in the medium that are adequate under nonsaline 
conditions become inadequate under saline conditions, and 
may result in salinity-induced calcium deficiencies (Bern- 
stein 1975). Growth of beans (Phaseolus vulgaris) a salt 
sensitive plant was severely repressed at 50mM NaCl and low 
calcium levels; increasing the calcium level restored 
growth and prevented uptake of high amounts of sodium. 
Again, calcium protection of the plasmalemma in modifying 
the effect of other ions (especially sodium) was thought tbo 
be occurring (LaHaye and Epstein 1969). Other work by 
Hyder and Greenway (1965) showed that barley (Hordeum 
vulgare) was sensitive to sodium concentrations when cal- 
cium levels were low. Further to this, increasing concen- 
trations of sodium at low calcium levels, affected the 
relative amounts of calcium, sodium and potassium absorbed 
by barley (Elzam 1971). High amounts of hydrogen, aluminum 
and ferric ions can also suppress calcium uptake; improve- 
ment of the calcium status can overcome this inhibition 


and restore the absorption mechanism of the plasmalemma 
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(Clarkson and Sanderson 1971; Rains et al.1964; Toper and 
Leach 1957). 

Growth of cotton (Gossypium hirsutum) in saline solu- 
tions can also be improved if adequate calcium is supplied. 
Increasing salinity was found to reduce calcium uptake 
and impair cell wall formation (Gerard and Hinajosa 1973). 
For instance, at a salinity level of -0.8 bars, 0.25mM of 
calcium was needed; at -6.6 to -12.9 bars, 5mM of calcium 
was needed. Failure to supply these levels of calcium re- 
sulted in reduced root vigour, growth and cell wall for- 
mation (Gerard 1971; Gerard and Hinajosa 1973). This work 
also indicated, that the ameliorative effect of added cal- 
Cium will only occur in low calcium solutions where calcium 
LSnometinle Pig raclvOkRemelUrtNeCr addr OnsOL Calcium Cannot 
be expected to further ameliorate salinity effect or increase 
yield. 

Work with two species of wheatgrass (Agropyron) which 
differed in their salt tolerance, gave results indicating 
that low salt tolerance was correlated with low levels of 
Calcium in the root (Elzam and Epstein 1969). The ability 
of roots to maintain adequate calcium uptake under increas- 
ing salinity levels, was considered a key element in re- 
sponse of these plants to salinity. 

Roots are usually sensitive to calcium deficiency, 


and therefore have been used for studies into the physio- 


En) sam ol exiles Nab te ae : ns 
PRs plertae aache > ot jocks as oe 
Yer eve leege fae tay othe: ; a 
ip WHEE a TR AU hy 44 8k yet hl aa Be. z SIR °° 
aieuiless t> Mart epen 2,°1-' os tae ee = 
si dbi-st >. 967 digew, Guay vig Bs Maa Reee i et . 
at Gin CFTR page ‘doghte eri ocebe@nnd 
SU we ay ip segrend! ihre eee Pees deem 
-i de Gedies. %2 90706 ovEtatss le wom? Gat / 
7 5a= Stuur oct isujee oy lop al, x<at pM age 
Sires Frys) es Se gu sioud salsa PRR 


pies! en get Pras Blears head 


hin, SMITE Aaa Peep slot sags : 


a - oe 


atl Ae Aes OF. ieee elt te pin hse 14s Lie, 


' 
_ 
Mo; 6 iW) @ sual GRIgY sh Sesieridel bapsnasiln Gated ep. she vandg a 
ya leery wee tana coe; pai: eee 
thawte » cePaic sale asa oe £4 ii a as i 
nore ed ‘tn pte Bea | ee et 
eS ere | a se 
ie pans eased a 
a ve | fad eit alii ig F 


fod 


38 


logicalsrolesor calcium. ‘Tanaka and Woods .(1972, 1973) 
working with oat seedlings (Avena spp) found that suppres-— 
sed elongation of root hairs in low calcium solutions was 
GvestCOBtLOxicitys.of other ions rather than lack of .calcium. 
Additional calcium was needed to ameliorate these toxici- 
ties. 

According to Epstein (1972) the physiological role of 
calcium is to safeguard the selective permeability of the 
plasmalemma, especially against toxicity of other ions. 

Low calcium levels in solutions will impair ion transport 
mechanisms and retention of ions (Haynes and Robbins 1948). 
This can be shown by excluding calcium and observing ions 
such as potassium diffuse out of the cell into the solution. 
Addition of calcium will cause unidirectional absorption of 
potassium against the diffusive gradient (Epstein 1972). 

Several workers have investigated the agronomic sig- 
nificance of the physiological role calcium plays in the 
soil solution. Howard and Adams (1965) found that for pene- 
tration Of primary Cotton roots into subso1ls;e ar calcium to 
total-cation ratio. above 0.10- 0.15 was a critical factor 
tather than calcium content per se. Geralasonm Loy Ojos) 
found that the optimum nutrient solution should contain 
15% calcium. For instance, when calcium levels went below 
150° ppm of a 1000 ppm solution growth reduction occurred. 


Moreover, when calcium levels were kept at 150 ppm and the 
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total salt concentration taken over 1000 ppm, again, growth 
reduction occurred. However, calcium deficiency did not 
occur until the percentage calcium fell to about 5%. ‘This 
then, demonstrates the extra calcium needed in the root 
environment to maintain optimal yields. 

Soils with high levels of soluble sodium and low sol- 
uble calcium have been shown to give reduced yields (Ballan- 
tyne 1962). Observations indicated that it was not the 
high levels of sodium but a combination of high sodium and 
low calcium. These conclusions were also indicated by 
Kelley (1963). 

In summary, then, calcium has an ameliorating effect 
against the toxicities of other ions in the root environ- 
ment. This has special significance for plant growth if 
the soil solution has inadequate amounts of calcium. This 
often occurs under saline conditions (Poljakoff-Mayber and 


Gale 1975). 


3. Interactions with other Ions 

Much work has been done on the effects of ions on 
plant growth. Unfortunately, only single ion solutions 
have been used which makes it difficult to relate the re- 
SULtCSeLOsnacuraleCOnad1t1 ONS. 

Studies with sodium and calcium on growth of root 
Hairs, indicate that high concentrations of Sodium cause 


plasmotysis (cell bursting) of root hatrssto occur. sine 
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occurrence of plasmotysis can be reduced by addition of 
calcium (Ekdahl 1953). Increasing SAR at low salinity ’lev- 
els gave a decrease in yield of vegetables due to insuffi- 
cient amounts of calcium (Lagerwerff and Holland 1960). 

Kinetic studies have shown that potassium and sodium 
are competitors for the same binding site in ion uptake. 
Therefore high sodium levels can cause a decrease in po- 
tassium uptake (Huffaker and Wallace 1959). Conversely, 
this concept has led to the idea of increasing potassium 
levels to discourage sodium uptake in saline solutions 
(Heimann 1959). Further research showed that uptake of 
sodium was influenced by levels of potassium, and that 
uptake of potassium was more dependent on the potassium 
concentration (Heimann md Ratner 1962). However, selective 
uptake of potassium is dependent on availability of diva- 
lent cations (Pitman 1975). In the experiment by Heimann 
and Ratner (1962) high levels of calcium were used. Elzam 
(1971) showed that the level of calcium not potassium was 
important to maintain potassium uptake. Increasing sodium 
was found to depress calcium and potasium uptake, while 
increasing the calcium increased potassium and decreased 
sodium uptake. 

Field experiments on Solonetzic soils have shown that 
applications of nitrogen can increase the potassium and 


decrease the sodium content of the foliage (Cairns et al- 
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207 ee Calros oy 1). inas may besa tresult sobea greater 
root cation exchange due to nitrogen fertilization (Drake 
and White 1961); increase in organic ions in the plant due 
to improved nitrogen status and subsequent greater cation 
uptake (Haeder and Mengal 1971); or retreat of sodium by 
increased leaching to allow less competition between po- 
tassium and sodium for uptake mechanisms. 

Calcium deficiency has been related to the ratio of cal- 
cium to magnesium or total ions and was not related to the 
absolute concentration of calcium (Bamford 1931). Some 
confusion exists in indicating what causes the An jury s to 
plants at high magnesium to calcium ratios. Either calcium 
deficiency or magnesium toxicity occurs. Trelease and Tre- 
lease (1931) choose the latter, while Mostofa and Ulrich 
(1976) prefer the former. However, in both cases normal 
growth can be restored by increasing the calcium. Lyle and 
Adams (1971) found that plant growth was reduced whenever 
the magnesium to calcium ratio went above 1.3 or if the 
calcium to total cations went below 0.1. Mostafa and Ulrich 
(1976) also show a critical magnesium to calcium ratio of 
atoys 

In a review on ion activity and plant uptake, Khasawneh 
(1971) concluded that attempts to find a critical magnesium 
tomcaLclum tatio werenlimited by, thestactelLnal Jon antagen— 


istic effects on calcium are the result of the total cation 
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Concentrations solution and are not restricted. to the 
magnesium concentration. The review gives some magnesium 
to calcium ratios found to be critical, and how they dif- 
fered from one another. However, if expressed as the 
ratio of calcium to total cations as shown by Howard and 
Adams (1965) a critical and consistent ratio was found. 

Magnesium has long been known for its toxic effect to 
plants (Gauch and Wadleigh 1944). This toxicity can be 
ameliorated to some extent by calcium; hence the importance 
of the magnesium to calcium ratio. Moore et al.(1961) 
showed that a large fraction of magnesium absorption could 
be blocked by small amounts of calcium. Conversely, mag- 
nesium can interfere with calcium uptake (Mostafa and Ul- 
ceneley IUSYAS))) 5 

Studies with native vegetation on high magnesium soils 
(Serpentine soils) would confirm the above results. fToler- 
ance to the high levels of magnesium was due to the ability 


of absorbing greater amounts of calcium (Walker et al-1955). 


4, Factors Affecting Activity in the SOL ecOsuelon 


The activity Of ane10n is described as the "efiective 
concentration' and takes into consideration interactions of 
ionic calcium with other ions in solution, which would tend 
to reduce the concentration of free ionic calcium over its 
original concentration (Adams 197la). 


Solutions with calcium and magnesium sulphates will tend 
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to have a certain percentage of the calcium and magnesium 
Eledeupaas@ionspetrs) (Adams 1971b) 2) JAs)the, tonic. strength 
of the solution increases the percentage of ion-pairs will 
increase (Bennett and Adams 1972). This is due to the con- 
centration of sulphates being greater than the concentra- 
tion of calcium and magnesium. For instance, between 25-48% 
of calcium and magnesium can exist as ion-pairs depending 

on the sulphate level (Nakayama and Rasnick 1967; Tolur et 
al,1968). Therefore concentrations of free ionic calcium 
can be drastically reduced under the above conditions. 
Further to this, increased salinity Tovers in the soil solu- 
tion due to salts or decrease in moisture has been impli- 
cated in decreasing the activity coefficients of divalent 
ions faster than monovalent salts (Geraldson 1957). 

An alternate method by which availability of calcium can 
be reduced is by complexing with soluble organic matter. 
High amounts of calcium have been found as calcium-organic 
complexes (Dixt and Lal 1974; Nightingale and Smith 1967). 
However, research in Western Canada found little evidence 


for complexing (Khan 1970). 


IV - SOIL SOLUTION DETERMINATIONS 


The sail solution is a quasi-equilibrium solution of elec- 
trolytes that occurs in the soil under unsaturated moisture 


conditions (Pearson 1971). Various methods have evolved to 


top on i) nay jin 


i eS ee 
. - 
Sse eyes 745 1d syapllonpe wise Pays 


| - 
“wheq (bt esi ob Oheval. \ a5 be4us joe 


S562 ew ea patton wi Senate 24 “edie oy oid 


mAle9I Far £9 Sani a fake ‘jaly jf taedae a fei o 
_ 


of oo Per ee) Sfier Ji cecateeay eh ee = 

iia) ap eASE TES fm, Aalto ist States ergs) a +; 

- 

ts tse colnet alee tomy ft ecaey Fake Od yore) 

Wer els: OSI AS fein’. rip ay anesied le reGrnneetis tee 
PPR. jake oa ub pxpokaradt pov ti vy? eee stetgtos 

capes Seeeli atid volewntes Ba nieiee - Arighass a ae _ 

ure ‘nit } aaa 7 

7 aie = 

apt aie AE 4 i; 
aig Neuge'e 4 ale Se eh 

ana wena elt, am 

| : taal a ‘ 7 renga 


a er a 
7 s a : vos 7 


44 


derive the concentrations and proportions of electrolytes 
found in the soil solution. Moss (1969) classifies these 
“methods into direct or indirect groups. Direct methods 

are concerned with actual measurement of concentrations 

and proportions, after extraction. They include pressure 
membrane, centrifugation, displacement, filter-paper, cen- 
trifuge filter paper and ceramic points. According to Moss 
(1969) all direct procedures which utilize membranes or 
pressure may cause alteration of the equilibrium between 
soil and soil solution. Also, the application of pressure 
can cause encroachment and interaction of neighbouring 
double layers. This could cause some of the ions from the 
double layer to be included in the filtrate. The concensus 
of many workers is that the displacement technique is the 
best method for direct determination of the soil solution 
(Adams 197la: Moss 1963, 1969; Parker 1921; Pearson 1971; 
Reitemeier 1946). 

Indirect procedures to determine composition of the soil 
solution are as follows: water extract, extraction in cal- 
cium chloride and quantitative equilibrium methods (Moss 1969). 
The latter method has been used with some success in non- 
saline soils. Most of the work has concentrated on the ratio 
of potassium to other ions in solution. Moss (1963) showed 
that the ratio expressed in negative logarithms of pK - 1/2p 


(Ca+Mg) was constant only over the field range of moisture 
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(-15 to -1/3 bar). Further work, comparing quantitative 
relation and displacement methods gave results that were 

-in good agreement (Moss 1969). Therefore studies restricted 
to only two cations can be successfully used to relate solu- 
tion content at one moisture level to another moisture level 
(Pearson l971)2" However, estimation of moresthanmtworions, 
Or complete ionic content is not possible by indirect pro- 
cedures (Adams 1971b). 

Such indirect methods as saturation paste extracts, to 
predict soil solution composition have not been entirely 
Satisfactory (Pearson 1971). Research has Shown that 
different phases can become involved in both saline and non- 
Saline soils, and cause changes in soil-soil solution equili- 
bria (Khan and Webster 1966; Moss 1963). This is further 
explained by Pearson (1971) in the context of multiple 
equilibria. Electrolytes are derived and in equilibrium 
with free soluble salts, adsorbed salts, precipitated com- 
pounds and exchangeable ions. Further to this, extraction 
at saturation paste entails dilution of the soil system and 
subsequent 'dilution-valency effect' (Moss 1963). There- 
fore, an accurate estimation of the soil ‘solution atwiaeld 
moisture necessitates extraction within the field moisture 
range. 

The displacement technique offers the least chance for 


change in solution composition as no membrane or excessive 
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pressure is used. It has been shown that successively 
displaced soil solution fractions have the same composition 
and are free from any of the displacing solution (Adams 
17 lar  Mossel963;7,  1969°) Parker 92+" Pearson 1971). whe 
displaced soil solution from different samples of the same 
soil, at the same moisture content has the same composition 
(Moss 1963; Parker 1921). Soils can also be displaced at 
various moisture levels between -15 and -1/3 bar. In the 
CacesOte- / Sebare levels, 11tbelesdtlut.onvorethessor ls soli— 
tion occurs. However, displacement of a soil solution below 
-1/3 bar would mean that the lowest portion of the soil 
would be in excess of -1/3 bar before any solution drips from 
the displacement tube. A rapid equilibrium change would, 
therefore, cause displaced soil solutions, at various mois- 
ture contents (below -1/3), to be of identical composition. 
Research has shown, however, that equilibrium is not readily 
attained: so that displaced soil solutions at different 
soil moistures differ in their chemical composition (Adams 
197la; Moss 1963; Parker 1921). Moreover, the different 
soil solutions displaced at various moisture levels between 
=15 bar and =—1/3 bar conformed to the ratio law. Various 
amounts of soil solution can be displaced before contamin- 
ation with the displacing solution occurs. 

Most displacing solutions used are miscible with the 


soil solution. Moss (1963, 1969) used ethanol, while 
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Adams (197la) used a saturated gypsum solution. According 
to Moss (1963) the mechanism behind the displacement tech- 
nique is piston displacement. However, extensive research 
into miscible displacement indicates that some mixing occurs 
between the soil solution and displacing solution (Biggar 
and Nielson 1967). Therefore, complete displacement of the 
Soil solution by the displacing solution cannot occur. 

Mixing of the soil solution and displacing solution is 
brought about by differences in pore size and subsequent: 
velocity differences, and because of diffusion (Biggar and 
Nielson 1967). Displacement usually eee the typical 
Sigmoid shaped breakthrough curve of the displacing solution, 
whereby increasing amounts of the displacing solution occur 
in the effluent. However, a certain amount of the original 
soil solution (pore volume) can be displaced before the 
mixing front becomes evident in the effluent. Therefore, 

a certain volume of soil solution, free of displacing solu- 
tion can be obtained by miscible displacement (Biggar and 
Neilson 1967; Cary and Horton 1968). 

Examination of the soil solution (free of the displacing 
solution) in successively displaced fractions indicate a 
constant chemical composition (Adams 197la; Moss 1963; 
Parker 1921). If the soil solution displaced characterizes 
the wholessoll solution or only thateroundsim Targer pores; 


depends very much on the velocity of the displacing solu- 


- 
a 


| ea on 
ee stich pone (eae k) ae . 


cap i 2 v= pi aly a 
‘ 


a 
Ctr tea 1) Vand, Odi Haat ops seine 


{ a 
Orbs ea . oshe% erential tye US ‘teal 
ile ¢7Ti- alge il-Sine oe Poe ae ert 
; im 7 
: sotsiin® 4 THO. ecrtult wise 
7 ~ 
i Par ee ees yo ed Se 2 £04: 
beats sult Bille o4s to 2a = 
. ¢- : ven : 
} = i: rs ha eed ‘ee > bs » 4 . co 
7 hw) esr at 
, - y nie men. , 
rr : ; a. A ’ i “ 5 - 


a bs, b, 4-48 ] a 3 a : @ — 
[> Y ify re) pia i A et aw & Saad Tyas 
4 7 i ~~ ) 
a i ef el grintiie? awwced tere 
bin 2b) ta an? sigad faa tne hievg 3m wasiay, ¢ 
i ; } 7 Pd a 
.) Spree bool) Sidses. At cv etl6é the» ee 
- 
“i: Pr 
t2eul nesses x gay 


Ge Oe ee eee, rsh ee bes D nF) 
1i9inra ation N2, woot 

¢ 
| ek ae). pare t Keeton ie 


bee LTS. aTID sa Se we 
7 ) ap STE @ mpi 


4 ? 


48 


tion and the original water content of the soil. Low 
velocity and use of unsaturated soils will cause slower 
displacement and greater opportunity to displace smaller 
pores (Biggar and Neilson 1967). However, treatment of 
the displaced soil solution as an average of the pore size 
Or more characteristic of the larger pores, is perhaps more 
realistic. Undoubtedly, as the soil solution moves down 
the soil column, reaction with the exchange surfaces of 
the colloids occur, which may change to some extent the 
solution composition. This will also result in the dis- 
placed soil solution being an average of the numerous 
equilibria which exist throughout the soil. However, accord- 
ing to Howard and Adams (1965) if plant growth in nutrient 
solutions simulating the displaced soil solution and plant 
growth in soil are the same, then a good estimation of the 


soil solution has been obtained. 
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CHARACTERIZATION OF SOILS 


I - MATERIALS AND METHODS 


Bulk samples were obtained of the Ap and Bnt or Bt hori- 
zons of seven Solonetzic soils of Alberta. Soils were sam- 
pled to represent the three Great Groups (Solonetz, Solod- 
ized Solonetz and Solod) of the Solonetzic Order. In all 
cases, soils of the same sub-group were sampled along ad- 
jacent, naturally occurring, Solonetz to Solod sequences 
(Table 1). All samples were air dried then passed through 
a 2mm sieve. 

Soil moisture determinations at -1/3 bar and -15 bar 
were done using the pressure plate and pressure membrane 
extraction respectively (McKeague 1976). All soils had 
complete moisture characterization from oven dry (105°C) 
to saturation paste (see Appendix I). Electrical conduc- 
tivity was determined using a conductivity bridge with a 
micro dipping type cell. A Beckman expanded scale pH meter 
was used for all pH determinations. Cations (Ca, Mg, Na 
and K) were determined by atomic absorption, using a Per- 
kin-Elmer model 503 spectrophotometer. 

Extractable cations were obtained using 1.ON ammonium 
acetate as outlined in Handbook 60 (USDA 1954). Gypsum 


requirement was determined by using a saturated gypsum 
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solution (USDA 1954). Determination of pH was based on a 
1:2 % soil water mixture. Soluble cations were extracted 
by filtration of a Saturation paste left to equilibrate 

for over 12 hours (McKeague 1976). Cation exchange capacity 
was determined using sodium acetate to saturate the soil 
colloids, followed by removal of any excess with isopropyl 
alcohol and subsequent exchange of sodium by ammonium ace- 
tate (McKeague 1976). Exchangeable acidity was determined 
using a barium chloride-triethanolamine procedure (McKeague 
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Pie RESULTS SANDS DIESCUS SLON 


In general, the soil analyses (Tables 2 and 3) show 
little variation from that provided by Bowser et al. (1962) 
and Cairns (1961). Most of the Ap horizons are slightly 
acidic and a slight increase in pH occurs from Solonetz 
to Solod soils. Average pH values for the B horizons show 
little variation between Great Groups. Electrical conduc- 
tivity consistently decreases in both A and B horizons along 
the Solonetz to Solod sequence, indicative of the desaliniz- 
ation by increased leaching and reduced influence of the 
Saline groundwater on the soil solum. 

Sodium decreases along the Solonetz to Solod se- 
quence; which accounts for the earlier mentioned decrease 


in electrical conductivity (Tables 2 and 3). Reduced sodium 
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levels are more clearly indicated by comparing the soluble 
sodium percentages and sodium adsorption ratio. An increase 
PHaCalLCium pelo adi Ve marrowycalcium to stotal scationsratios, 
occurs in the Solod A horizon. Magnesium concentrations 
increase slightly in all of the A and some of the B horizons 
of the solodic soils, this is offset by the greater increase 
of calcium. Increase in divalent cations is most likely the 
result of improved plant growth and subsequent recycling of 
ions from lower horizons. 

In regards to the exchangeable cations (Tables 
2 and 3) the most obvious fact shown by the data is the 
increase in the calcium to sodium ratio on the soil colloids 
fromthe Solonetz to Solod soilss +This,is further demon— 
strated by a Similar decrease in the gypsum requirement, 
which indicates an imbalance of sodium to calcium if the 
calculated value is positive. The ratio of magnesium to 
calcium also decreases in both horizons, this was also 
observed by Cairns (1961). Both the above cases emphasize 
the greater calcium domination of the soil exchange complex 
along the Solonetz to Solod sequences. Actual levels of 
adsorbed magnesium show no consistent decrease from a Solonetz 
to a Solod soil. Increases of magnesium occurred in the A 
horizon of one Solod (i.e. Daysland). In general, magnesium 
does decrease in the B horizons of the Solod soils (i.e. 


Daysland and Halliday) in comparison to the Solonetz or shows 
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Prteleschangems( ies Malmo). S This overlapping of levels! ot 
exchangeable magnesium between Great Groups of the Solonet- 
zic Order and associated Chernozemic soils has been reported 
elsewhere (Bowser et al. 1962). In general, exchangeable 
acidity decreases slightly in the Solod soils over that of 
the Solonetz soils. A large decrease is seen in the Halli- 
day soil over that of Hemaruka soil. Differences in ex- 
changeable potassium were also inconclusive. Soils such as 
the Halliday and Duagh showed an increase over the adjacent 
Hemaruka and Malmo in both horizons, while the Daysland 
Solod showed a decrease over the anaCene Killam. In con- 
clusion, the main difference on the exchange complex be- 
tween Solonetz and Solod soils is the increase in calcium 
and decrease in sodium, 

The correlation between sodium adsorption ratio (SAR) 
of the saturation extract and exchangeable sodium percen- 
tages (ESP) on the colloids agrees with that reported else- 
where (USDA 1954). This reflects the equilibrium between 
the soil exchange sites and the soil solution at saturation 
percentage. USDA (1954) gives a correlation coefficient 
of 0.92 between ESP and SAR, while the results in this 


study give a correlation coefficient of 0.94 (Appendix II). 
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DETERMINATION OF SOIL SOLUTION 


I - MATERIALS AND METHODS 


Soil solutions were obtained using the displacement 
technique as outlined by Adams (197la). Certain modifi- 
Gations were as follows: plastic ™ tubing 5.5 cms {21 .D2)" x 
7Ocm was used as the displacing column; 0.15N Cacl, plus 
4% KCNS was utilized as a displacing solution. Adams 


UlOy la \eised =a saturated CaSO, Solution Duty this was found 


4 
unsuitable due to the relatively low solubility of the 


CaSO, 


Maintenance of water infiltration into Solonetzic soiis. 


and subsequent low electrolyte concentration for 


The addition of KCNS to the displacing solution provides 
a tracer; the presence of small amounts of CNS) “inethe 
displaced solution will give a dark red colour when one 
aropPor FeCl, is added. 

Ethanol was also used as a displacing solution.  Ceric 
ammonium nitrate dissolved in nitric acid was used as an 
indieator to detect alcohol” in they displaced solution. 
Presence of alcohol is indicated by a change in the colour 
Gf the reagent from yellow to red. 

The procedure for displacement of the soil solution 


is outlined as follows: 1500-2000g of air dried soil is 


wetted to a desired moisture percentage (usually half-way 


56 


Mi 
ana Fact < aha a 5 


ie 


oS 


4 we | = J a 


ti tet: ¥ hid Nits sta He “ards. 24) Ese: 

an tx roe alee ek type ire Xs sculbat 

rc. ee) 19 > Te ey | othe : on! aoe 
favor ‘ + feed. 4 | 


O27, aap: 0 


veew F4 ay hs a +4 @ Aud? ye ert ) 
'rMILAOGe Mt ofa va [th asec ae 


A : 4 \ : e , } i b@ 
ave) 3.) Cire) Loewe 8 Mew oe Riskie: +f 


yi 


: a eee] et 


petra 


57 


between -1/3 and -15 bar) using an atomizer; the moist soil 
is mixed well and allowed to equilibrate for a few days 
after which it is packed into the plastic tubes. The 
packing procedure demands some practice, being dependent 
on moisture content, organic matter percentage and texture. 
the latter 1S a Critical factor especially for soils of 
high silt content (Adams 197la). For instance, the Bnt 
horizon of the Duagh silt loam from Chipman was not suc- 
cessfully displaced due to silting up and subsequent im- 
peded water movement. The displacing solution is added 

to the top of the column and maintained to give a constant 
head of 3cm. Movement of the displacing solution down the 
column occurs at a steady and even rate, taking between 1 
to 5 hours to complete displacement. At the bottom of 

the column a No.42 Whatman filter paper held in position 
by cheesecloth gauze is used to prevent escape of any soil 
particles. The displaced soil soution, in 5ml consecutive 
portions, was collected until presence of the displacing 
solution was indicated. The 5ml portions were analyzed 
tCordetermine 1f electrical” conductivity andgcalerum. con— 


Centrations Lemarnecusconstant. (rid. ls 


Determination of sulphates was done utilizing a turbidi- 
metric procedure using Hach Sulflaver IV Sulfate Reagent. Hi- 


carbonates were determined by titrimetry, using O0.O01N H.SO 


2, 4 


and titrating to a methyl orange endpoint (pH 4.0). Chlor- 


ide determinations were done using the Mohr method (Pierce 
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and Haenisch 1956). Although chlorides are usually only 
found in low concentrations in Solonetzic soils of Wes- 

tern Canada, the use of chloride in the displacing solu- 
Pcs gave good reason for their determination to ensure 


no contamination had occurred. 


TT) — RESULTS: AND» DISCUSSION 


Analysis OL the displaced soll solution (Fig. 1) 
Showed relatively constant electrical conductivity and 
calcium content in the consecutive 5ml displaced portions. 
Small variations are expected due to variations within a 
soil and experimental error. Each portion had a similar 
composition and was free of any displacing solution. In 
the case of the CaCl, no CNS was indicated until 45ml of 
soil solution had been displaced from a Duagh Bnt horizon, 
although an increase in calcium began to take place after 
20ml and the increase in electrical conductivity did not 
begin until 50ml had been displaced. This would indicate 
that approximately 30ml of homogenous soil solution could 
be displaced which represents 12% of the total soil mois- 
ture. In comparison, ethanol used on a Hemaruka Bnt hori- 
zon displaced up to 70Oml free of ethanol; of constant elec-— 
trical conductivity and calcium content (Fig 1). This re- 
presents 33% of the total soil moisture, although a higher 
efficiency could have been achieved if further fractions 


had been sampled. In this case, differences between the 
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two displacing solutions was probably a reflection of tex- 
ture rather than efficiency. Other sources stress the 
importance of packing and the effect of texture in achiev- 
ing maximum efficiency, which can reach 80% (Adams 197la; 
Pearson 1971). A more involved analysis of the 5ml frac- 
tions displaced from a Hemaruka Bnt (Table 4) confirmed the 
relative constancy of the ionic constituents. 

In general, the characteristics of the soil solutions 
(Tables 5’ and 6) were similar to that reported elsewhere 
(Khan and Webster 1966). Sulphates were the dominant anion, 
while chloride and bicarbonate were in low amounts. The 
latter were high in the Halliday Bt and Hemaruka Bnt, al- 
though the Hemaruka Bnt had very high concentrations of 
Sujphate. The dominant cation in the Solonetz and Solod- 
ized SXlonetz soils, especially the Bnt horizon, was sod- 
ium. This was demonstrated by the high soluble sodium 
percentages and sodium adsorption ratio. In each case, an 
increase in calcium occurred in the A and B horizons along 
the Solonetz to Solod sequences. This was accompanied by 
a decrease in sodium and electrical conductivity. A simi- 
lar decrease of magnesium also occurred in the B horizons. 
In essence, the chemical analysis of the soil solutions as 
far as proportions of constituents are concerned, are simi- 
lar to those found in the saturation extract (Tables 2 and 


3). However, increases in salinity as the soil moisture 
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decreases (from saturation paste to half available mois- 
ture) will cause some changes as described below. Cer- 
tainly, the displaced soil solution gives a more accurate 
picture of the ionic environment surrounding plant roots 
under field moisture conditions, than that derived from 
Saturation paste extracts. 

The overall changes taking place are better expressed 
by the magnesium to calcium (Mg/Ca) and calcium to total 
cation ratios (Ca/TC). All the Ap horizons have a Mg/Ca 
ratio of one or less, except the Ap of the Solonetz soil. 
This would tend to put the Ap horizons of: Solonetz and Bnt 
horizons of Solonetz and Solodized Solonetz soils in an 
unfavourable nutritional position for plant growth, espec- 
ially in the light of past research (Lyle and Adams 1971; 
Mostafa and Ulrich 1976: Trelease and Trelease 1931). A 
Similar trend can be observed with the Ca/TC ratio; again 
past research indicates a calcium limitation occurs when 
calcium falls below 10% of the total cations (Adams 1971a; 
Howard and Adams 1965; Khasawneh 1971; Lyle and Adams 1971). 

Interesting relationships occur, in concentrations 
and ratios of ions, over the available moisture range in the 
B horizons of Solonetz and Solodized Solonetz soils (Tables 
5, 6 and 7). Electrical conductivity (Fig. 2) is shown to 
increase aS moisture decreases; similar results were ob- 
tained by Khan and Webster (1966). The increase in elec- 


trical conductivity followed a linear relationship, being 
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Hemaruka Bnt 


Killam Bnt 


Hemaruka Ap 
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% H2O of Soil (Oven dry basis) 


Figure 2. Change in electrical conductivity over the 
soil moisture range from saturation paste 
to near -l15bar of some Solonetzic soils 
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Specific for each soil. Changes in ion concentrations also 
occur with changes in moisture (Fig. 3). All ions tend to 
increase but at differing rates: for instance, magnesium 
ancreéases*faster than calcium to give a higher Mg/Ca ratio 
at half-available moisture than at saturation paste. How- 
ever, the increase was not marked in the non-saline Solo- 
netzic soils (i.e. Duagh and Killam), but was significant 
in the saline Hemaruka soil. Similar increases in magnesium 
observed by Khan and Webster (1966) were the result of mul- 
tiple equilibria between solid salt and colloid exchange 
phases. This may also be explained by the lower solubility 
of calcium sulphate when compared to magnesium sulphate 
which allows subsequent enrichment of magnesium as calcium 
is removed from solution. This will be very pronounced in 
Saline soils, such as the Hemaruka, as the calcium level 
in a sulphate dominated system can rarely rise above 25 
Hed/lp unless the solutaon isshighly saline: 

The ratio of Ca/TC increased over the moisture range 
from saturation paste to half available moisture in the B 
horizon of the Duagh and Killam soils (Tables 2, 5, 6 and 
7). This agrees with the dilution and valency law, which 
states that dilution of a soil system with water causes 
an increase in adsorption by the soil of higher valency 
ions (i.e. calcium), while lower valency ions (i.e. sodium) 


decrease (Moss 1963). In the case of the Hemaruka Bnt hor- 


Ag a wn rv, 

28 ny teks onivainrter ta eet Be bien : 
== 6, GOS on? holisas jah Eepe 
soe=er ine ld weusd | tieetsex lee aang iis rid de 

syiasrog 3) €onearane Misti” oa eae rere aes es 

“ide ‘tinoist apeceate anv)! sbnetiimmninedee yt 
anna sa) 'bandsas Sun Ae Hotes 8 cose 
et teat’ Si dns BS éochleiees Aine Ven. Glen - 
riygAghes gh fobs ited 9 vp lenibes hor. sehind ive suk | 
ap isite Fe ahh ad As J angeiige ste ae rt a 
et sriroan nny | vate we fees Wiha je? 3 
reo el: Bre oe 7 7 soit egrear Aaqem-Gn bop? tin eal 
Ss Aves re hae nathar bahia indel mone ten gb 
santian Ritead Of Po Atuco 4 eee of 

wero satin ah Ae AHN So Si a aa 
bets ee wae eo? ream fat uniiee meee 
Ba, , 2 Got uty & gi 135 Aad pad Od 36 ae 
see ne tee gene aba aR 
| Ake amgngs, lk lieneniomee 

14 25 an wen 


; -— ie eo _ a 
ra OO : 
=e 7 ae _ 


> 


90 


80 


70 


60 


50 


40 


meq/e 


30 


20 


10 


Hemaruka Ap 


Figure 3. 


68 


——-@ —— Ca 


Hemaruka Bnt 


Killam Bnt 
Hemaruka Bnt 


eae 
SN 
Killam Bnt 


10 20 30 40 50 60 
% H5O of Soil (Oven dry basis) 


Changes in the concentration of magnesium 

and calcium in milli-equivalents per litre 
over the soil moisture range from saturation 
paste to near -15 bar of some Solonetzic soils 


a) ON ey 
§) em 
.. 
a) ! oe 
a. : 
a es : 


a cS : 


- 
f, 


2 


Riis « oelpuad | i 


69 


1Z0n a constant ratio of Ca/TC is found over the range 

from saturation paste to near -15 bar moisture percentage 
(Tables 2, 5, 6 and 7). This is explained by the relatively 
large increase of magnesium concentration, in comparison to 
calcium, as the soil moisture decreases. 

These results confirm the conclusions of Adams (1971la) 
and Pearson (1971) that attempts to relate the composition 
of soil extracts to that of the available moisture range, 
has not been entirely satisfactory. However, saturation 
paste extracts do give some indication of the expected ion 
composition at available moisture ranges, especially if the 
salinity status of the soil is known. 

The Ap horizons of the Solodized Solonetz and Solod 
SOLES@suOW MO; nuLritional Limitations tor plants growen 
according to their soil solution composition (Tables 5 and 
6)" The B horizons of the Solod so1rls also failed to show 
any limitation. The main nutritional limitations for plant 
growth would be in the B horizons of Solonetz and Solodized 
solonetz soils, where low levels of calcium and high levels 
of other ions especially sodium and magnesium would present 
a hostile environment to plant roots. Similar conditions 


may exist in many Ap horizons of Solonetz soils. 
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SOLUTION CULTURE STUDIES 


I - MATERIALS AND METHODS 


1. General 

Barley seeds (Hordeum vulgare var Galt) were germinated 
in vermiculite and transplanted to the solution culture 
at the one leaf stage. All roots were washed with distilled 
water before introduction to the solution. Plastic con- 
tainers (ID 27cm) were used, each containing 11 litres of 
solution. The containers were covered with waterproofed 
masonite lids to prevent light and dust contamination. 
Seedlings were suspended through holes in the lid, being 
Supported and protected by foam rubber, 7 seedlings were 
grown in each container. All solutions were aerated. 

Solution culture experiments were arranged in a ran- 
domized block design, in a growth room with three replicates 
per treatment. The environment was controlled as follows: 
16 hours light provided by cool white fluorescent lamps to 
give 16000 'lux and temperature maintained between Ted ee 
Other environmental parameters, such as relative humidity 
and carbon dioxide content of the air, were not controlled. 


The solution composition was based on a modification 
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of that prepared by Hoagland and Snyder (1933) and given 
inet nesappendix «(Lil )- To achieve desired ratioe: and acon— 
centrations of magnesium or calcium, additions of calcium 
nitrate, calcium sulphate and magnesium sulphate were used. 
Desired sodium and salinity levels were established by use 
of sodium sulphate. To achieve a measure of pH stability 
a combination of nitrate and ammonium forms of nitrogen was 
used. The ratio between nitrate and ammonium was maintained 
between 4-6.5:1 which is within the range reported by Hewitt 
and Smith (1975). The ammonium was added as ammonium phos- 
phate, monobasic which replaced the potassium phosphate in 
the original base solution of Hoagland and Snyder (1933). 
Other changes were: the addition of sodium bicarbonate, to 
Simulate bicarbonate levels found in soil solutions of Sol- 
onetzic soils; and the use of sodium nitrate to provide a 
constant nitrate level when calcium nitrate was low. Po- 
tassium levels were kept high in experiments I, II and III 
to prevent any potassium limitation for plant growth. In 
experiments IV and V potassium levels were reduced to that 
found in soil solutions of Solonetzic soils at half avail- 
able moisture range. A constant level of anions (SO), HCO, 
and NO, ) were maintained between treatments, so that, only 
the cation ratios and concentrations were a factor in af- 
fecting plant growth. 

A complete micronutrient supplement was added to all 


solutions. The supplement (Appendix IV) covers all known 
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essential elements for higher plants (Hewitt and Smith 
1975). Iron was added as an EDTA iron complex (to give 

Sppm of Fe) derived from disodium EDTA and ferrous sulphate 
(Steiner and van Winden 1970). The pH of the solution was 
maintained at 5.5 by additions of suphuric acid or sodium 
hydroxide. Solutions were changed once a week and distilled 
water added to maintain volume when necessary. 

Barley seedlings were grown in solution for three 
weeks (experiments IV and V) or four weeks (experiments I, 
It and III). At harvest the roots and shoots were separated, 
weighed washed and dried at 70°C for three days, after 
which the samples were weighed then ground using a Wiley 
Mill. Dry ashing was done according to the procedure of 
Walsh (1971) and cations determined by atomic absorption. 

The choice of barley for use in the solution studies 
was based on several factors. Barley can withstand fairly 
high salinity levels which are found in the soil solutions 
of Solonetz and Solodized solonetz soils. According to the 
USDA (1954) a 50 percent decrease in yield of barley occurs 
when the electrical conductivity (E.C) of the saturation 
extract reaches 16 (mmhos/cm). Also, barley is a commonly 
grown cereal and has been used extensively in research on 
Salinity. Furthermore, the results from growth of barley 
at various ion concentrations and ratios may be generalised 


to include other cereals and crop species. 
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In each experiment the solutions before being changed 
were analysed to determine if any ions had substantially 
decreased. Little change was detected in concentration of 
any of the major constituents. Therefore, due to the short 
time which the plants were grown, changing solutions weekly 
was considered adequate to maintain a fairly constant ionic 
environment. 

2. Specific experiments 

Five different experiments were conducted in solution 
culture to assess various factors pertaining to barley 
growth at different ionic concentrations and ratios. Ex- 
periment I (Table 8) compared the growth of barley over a 
magnesium to calcium ratio’ (Mg/Ca) range of 0.6-16.5 ata 
COUStANte Sosa 3.) EGul 2.12 and) 1Oonicastrengcn (£4 =0.037). 
Sodium levels were constant in each treatment. The calcium 
to total cation ratio  (Ca/TC) ranged from O502 to OF 24. 
Concentrations of sodium, magnesium, calcium, sulphate and 
bicarbonate were similar to those found in the soil solu- 
tions at the half available moisture percentage of Ap hori- 
zons of Solodized Solonetz and Solod soils (Tables 5 and 6). 
Each treatment had the same sulphate concentration so that 
the only difference between treatments was the Mg/Ca ratio 
and Ca/Tc ratio. The concept of constant ionic strength 
for each treatment was considered important, as the activity 


coefficient of a particular ion is the same in all solutions 
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Nutrient solution composition and related data 
for Experiment 1 
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of the same ionic strength (Adams 1971b). A constant 
sodium adsorption ratio (SAR) was used: as the formula for 
SAR (Na/ fca + Mg /2 in meq/l) allows a constant sodium 
level with various concomitant Mg/Ca ratios. SAR is also 
an important parameter for Solonetzic soils. 

Experiment II (Table 9) had the same salinity level 
aS experiment I and similar ionic strength. Magnesium 
levels were kept constant in each treatment and calcium 
levels varied to give an increasing Mg/Ca ratio. This was 
done to determine if decreased growth was due to magnesium 
levels alone or an increasing Mg/Ca seedy Sodium concen- 
trations were varied in each treatment to ensure constant 
E.C and ionic; strength. 

Experiment III (Table 10) was conducted at high salin- 
ity levels comparable to that found in some Ap horizons of 
Solonetz soils and Bnt horizons of Solonetz and Solodized 
Solonetz soils (Tables 5 and 6). A constant SAR (21.5) 
and EC (8.43) was maintained between treatments. The ratio 
OnMg/Ca and Ca/TCeranged from 0275 —7.75 and 0.03-0.15 
respectively. 

Experiment IV (Table 11) had a high level of sodium 
(42-50meq/1) in each treatment. Potassium was reduced from 
those levels found in previous experiments (6meq/1) to a 
low concentration (0.8meq/l) in each treatment. Varying 


concentrations of calcium (1-5meq/1) were used between treat- 
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Table 9. Nutrient solution composition and related data 
for experiment II 


Treatments 
il Z 3 

meq/1 
Na > eRe lee 
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Table 10. Nutrient solution composition and related data 
for experiment III 


Treatments 
1 2 3 4 5 6 7 
meq/1 
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Table 11: Nutrient solution composition and related data 
for experiment IV 


Treatments 
i Z 3 4 5 
meq/1 
Na 5On0 49.0 48.0 46.0 42.0 
K O38 0.8 O58 ORS) ex) 
NH, 20 AO) 20 220 2,0 
Mg ALANS) BAe) 2a0 sj 5.0 
Ca LEG te 28) B20 5.0 
NO 8.0 358) Sys) ile) S50 
HCO, 20 Ae) 20 220 Zi) 
SO, 42.8 42.8 42.8 42.8 42.8 
H,PO, 2.0 250 20) 20 PAO 
EC 337/ 3 oi! Sint, Sieh SW) 
Mg/Ca 130 15.0 iE 1.0 ae 
Ca/TC On0L8 0.036 0.045 02055 0.090 
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ments. The Mg/Ca ratio was kept constant at 1.0, while 
the Ca/TC ratio ranged from 0.02 to 0.09. By keeping high 
sodium and low potassium constant, the effect of calcium 
levels can be observed on growth and also the ability to 
maintain adequate potassium uptake against sodium competition 
(Pitman 1975). Again, concentrations of ions reflect those 
found in the soil solutions of Solonetzic soils. tThe in- 
crease of calcium was followed by concomitant increases in 
magnesium to maintain a Mg/Ca ratio which from past research 
is not considered limiting (Lyle and Adams 1971; Trelease 
and Trelease 1931). 

Experiment V (Table 12) was the same as experiment IV, 
except the Mg/Ca ratio was lowered to 0.5. This was done 
to further ensure that the Mg/Ca ratio was not a limiting fac- 
tor. In.general, the aim of experiments IV and V was to examine 
the relationship between Ca/TC ratio and Mg/Ca ratio on 
yield and the effect of these ratios on potassium uptake 
under sodium competition. Much of the past work has con- 
centrated on sodium and potassium relationships (Heimann 
and Ratner 1962) and neglected the role of divalent ions 


in modifying this relationship (Elzam 1971; Pitman 1975). 


“ “ie baa wits Gite he pany 
nor2: wen cps suriteue Sasy. coke ANTE 
fol) ‘yap tn Opax fo Ae Jas teense red ON a 
aif), ow We Bante sisal Teh 3G @tet tu iam Bion mwas 
Heres Bettie cuss a bee. ieee ges les Jo 
fiimlyéon (0.0%) ayh, Ciao (sis a: i SR coe a2 
wet. +EVEL Batre ai) aa, ae fon 
1acel <n 
2 40a < 66 oak’ artivie~ 47 1 SIGET ¥ racakemgem 
+ WEY. WRU 9 8 Goiped.. cee br street aap . 
ee ee oe 2 F po ee wit 66> snes ce : 
pitttionn so aoe Sole) Vihgbilaebenl ie alt att Leoneneg ae ae 
ooieds hiae bat, Sh4ey her costed taps MRE : 
BBCHLO que 160 EE 4 ites diets 0 that 2e. oe nd 
Jive ein! decd See ae) 3) pia sites [AT egpee err lbes, abies 
fisifetiae } 5 ARS sr weingaie au. sys ogi 
nivtk dembevite des Wis adh Anaptie tee coe Loh Stace Baal 7 
7 


i 


80 


Table 12. Nutrient solution composition and related data 
for experiment V 


Treatments 
ul 2 3 4 
meq/1 

Na SOD 49.0 47.5 44.5 
K 0.8 0.8 0.8 O53 
NH, 260 260 2-05 200) 
Mg 0.5 130 ley) 2a 
Ca 1530) 20 32.0 55.0 
NO, 3.0 850 8.0 8.0 
HCO, 2.0 2.0 22,0 250 
SO, 42.8 42.8 42.8 42.8 
HPO, 2.0 25.0 22.0 fas ©) 
EC Shs 7 Seat Sise/ Siew! 
Mg/Ca On O55 ORS OS) 
Ca/TC 0.018 0.036 O.059 0.090 
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. Growth and Yield of Barley 


1. Experiment I (Mg/Ca 0.6-16.5; Ca/TC 0.02~0.24: EC 2.1 
M& 0.037) 


This experiment was conducted at low levels of elec- 
trical conductivity (EC) and ionic strenth (A) kept con- 
stant in every treatment (Table 8). All treatments showed 
Similar growth for the first few days. After a week in 
solution treatments 4 and 5, which have Mg/Ca ‘ratios of 
4,2 and 16.5 and Ca/TC ratios of 0.07 and 0.02 respectively, 
began to show depressed growth followed by emergence of a 
Sshrivelled third leaf. This was followed by similar symp- 
CONSeiie cLeamicntmoe( Moy Cawrat1Omme. > ceGay TCrracio m0...) 
until a progressive decrease in yield and increase in wi- 
thering of the emerging leaf occurred from treatment 3 
through to treatment 5. Treatments 1 and 2, which had 
Mag/Cacataos of 0.6 ‘and ls37and.Ga/TC ratios on, 0724 7and 
0.17 respectively, showed normal growth with none of the 
above symptoms. Therefore barley growth was disrupted 
between a Mg/Ca ratio of 1.3 and 2.5, and a Ca/TC ratio 
OLMOeleand Os yA naledny ewer dhemy.eldoseshiowss toni tcant 
differences between some treatments (Table 13). Signifi- 
cant growth of tops follow closely that of a similar de- 
cline in root growth. However, growth of treatment 1 is 


not significantly different than that of treatment 3 which 
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ihe Effect of increasing Mg/Ca ratio and de- 
creasing Ca/Tc ratio on growth of barley 
in Experiment I, at constant SAR and EC 


Table 13. Yield of tops and roots of barley from experi- 
ment I (g dry weight) 


Treatments ue 2. 3 4 5 
Tops 10.0lat 9.43ab  8.17ab 6.05b  0.54c 
Roots 1.88a 1.82ab 1.60ab 1.15b 0.21c 


+ Values in the same row that have a letter in common 
are not significantly different (P& 0.05) 


&3 


had a Mg/Ca ratio of 2.5. This may indicate greater resis-— 
tance to higher Mg/Ca ratios as the plant grows out of the 
“seedling Stage. Observations confirmed that the initial 
setback due to an adverse Mg/Ca ratio in barley seedlings 
was in some measure restored as the plant matured. There- 
fore at low salinity levels an adverse Mg/Ca ratio (i.e. 
>1.3) or low Ca/T ratio (i.e. €0.17) will retard seedling 
growth, followed by a slow recovery to withstand a Mg/Ca or 
Ca7TC ratio of 2757and 0.11 respectively. This would indi— 
cate that the soil solutions of Ap horizons of Solodized 
Solonetz and Solod soils as well as the B horizons of the 
latter at field moisture levels, have no iimitation to 
plant growth due to adverse ratios of calcium to other 
ions. 


2epExDerimente ll (Mg/Caul.0-5.07) Cay tC. 0211-0032) SECe2 
f& 0.037-0.040) 


Experiment II had the same electrical conductivity (EC) 
and similar ionic strength @&) in each treatment as that 
found in experiment I. Experiment II was different from 
experiment I in that a constant magnesium level was main- 
tained in each treatment while a concomitant decrease in 
calcium allowed an increasing Mg/Ca ratio to occur (Table 
9). This was done to determine if magnesium per se or 
Mg/Ca ratio was the limiting factor. After a week in solu- 


tion a decline in height was observed from treatment 1 
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(Mo Cas naltou bOrmCa/ TOsratiTonO ns.) through to treatment 
3 (Mg/Ca ratio 3.0; Ca/TC ratio 0.11). For instance, treat- 
ment 1 was at the five leaf stage while the tillers were at 
the three leaf stage. In comparison, treatment 3 was at 
the three leaf stage and tillers at the two leaf stage. 
Treatments 2 (Mg/Ca ratio 2.0; Ca/TC ratio 0.16) and 3 
showed similar symptoms observed in experiment I, that is, 
withering of the emerging leaf. This usually occurred on 
the third or fourth leaf. Again, this effect declined to 
some extent as the plant matured. A significant decline 
in yield is seen between treatment 1 and 3 for both tops 
and roots (Table 14). This occurred at a constant magnesi- 
um level and would indicate the importance of the magnesium 
to calcium relationship. ~Another factor to take 1anto Ccon— 
sideration is that yield decline also followed a reduction 
in the Ca/TCc ratio, as well as an increase in the Mg/Ca 
ratio. Further to this, the results establish the import- 
ance of calcium in ameliorating the adverse effects of 
magnesium and other ions on plant growth. Concentrations 
of magnesium per se do not seem to be a factor as all 
treatments had the same level. 
3. Experiment III (Mg/Ca 0.75-7.75; Ca/TC 0.03-0.15; SAR 
21.5; EC 8.43; ££ 0.208) 
Experiment III was similar to experiment I except that 


the salinity levels were raised much higher, so that, the 
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Ze Effect of increasing Mg/Ca ratio and de- 


creasing Ca/TC ratio on growth of barley 
in experiment II, at constant magnesium 
levels and EC 


Table 14. Yields of tops and roots of barley from experi- 
ment II (g dry weight) 


Treatment ub 2 3 
Tops Toes) 9.93ab 5.29b 
Roots 2.59a 2.20ab 1.34b 


ay Values in the same row that have a letter in common 
are not significantly different (P 40.05) 
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effect of calcium to other ions could be assessed under a 
Saline environment. Therefore increasing Mg/Ca ratios and 
“decreasing Ca/TC ratios were used along with a high but 
constant salt level in Gach treatment (Table 10). After 

a week in solution all treatments showed withering of the 
emerging leaf, except treatments 1 and 2 which had Mg/Ca 
Gacios Of 10%)/5 dnd) 1. 06wand Ca/TCmratio cof Oss and 0nls 
respectively. Treatment 3 (Mg/Ca 1.33: Ca/TC 0.11) showed 
severe withering of the emerging leaf and reduction in 
yield (Table 15). 

As indicated in previous experiments, increasing the 
Mg/Ca ratio caused a steady decline in growth of both tops 
and roots. The high salinity conditions created an osmotic 
effect which gave an added expected decrease in growth of 
all treatments when compared to experiments I and II. Fin- 
al dry weights in treatments 1, 2 and 3 were not signifi- 
cantly different, even though treatment 3 showed some of 
the earlier mentioned symptoms (Table 15). Therefore, 
growth began to decline above a Mg/Ca ratio of 1.33 and 
below a .Ca/TC ratio of O.11. “This *observavionsis similar 
to earlier experiments. 

4, Correlations between experiments I, IT and TIT 

The comparison between decline in relative yield and 
increasing Mg/Ca ratios is given in Figure 4. Relative 
yield is the dry weight yield in grams expressed as a per- 


centage of the maximum yield. For instance, the highest 
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40+ 


ae Effect of increasing Mg/Ca ratio and de- 
creasing Ca/TC ratio on growth of barley 
at high and constant EC and SAR, in treat- 
ments 1 and 2 of experiment III 


Table 15. Yields of tops and roots of barley from experi- 
ment III (g dry weight ) 


Treatment 1 2 5 4 5 6 7 
Tops 6.84a° 6.35a 5.67a 3.25b 1.41c 1.166 0.39c 
Roots 1l26/a2eele>oOa 58a 1. 07D 0.540.010.4250) aco 
— 


Values in the same row that have a letter in common 
are not significantly different (P40.05) 
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Figure 4. Correlation between Mg/Ca ratios in solution and 
relative yield of tops and roots of barley in 
experiments I, II and IIl 
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4, Effect of increasing Mg/Ca ratio and de- 


creasing ca/TC ratio on growth of barley 
at high and constant EC and SAR in treat-— 
ments 3, 4, 5, 6, and 7 of experiment III 
| yield in each experiment is given the maximum value of 100 
percent and the other treatment yields expressed as a per- 
centage of that value. A comparison of the three experi- 
ments show a decline in yield as the Mg/Ca ratio is increa- 
sed. The correlation coefficient is given as -0.935, while 
the curve is expressed as the antilog of log Y (Fig. 4). 

In a Similar fashion the correlation coefficient be- 
tween percentage relative yield and Ca/TC ratio is given 


as 0.898 (Fig. 5). The interesting feature of both corre- 
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% Relative Yield 


0 0.) 0.2 ; 0.3 
Ca/Total Cation Ratio 
Figure 5. Correlation between calcium to total cation 


ratios in solution and relative yield of tops 
of barley in experiments I, II and III 
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lations is that the decline in yield is dependent on the 
ratio of calcium to other cations and not dependent on the 
concentration of calcium or magnesium per se. An example 
of this is treatment 3 in experiment I and treatment 3 in 
experiment III. Each treatment has the same Ca/TC ratio 
and similar decrease in relative yield, yet in experiment 
ees) meq/1 of calcium is used as compared to 15 meq/l of 
calcium in, experiment III. Furthermore, these relation- 
ships are consistent regardless of ionic strength as seen 
in comparing experiments I and II (#& 0.038) with experiment 
Titi 0.208). 

Further comparisons of the data indicate that a Mg/Ca 
ratio of approximately 1.0 is needed to ensure optimum grow- 
Cheotebarley (hig. 4 ).5) Anisi ts ad clit abevallecloeciat 
observed by Lyle and Adams (1971) which give a value of 1.3. 
Trelease and Trelease (1931) indicate that no decrease in 
yield of wheat occurs if the Mg/Ca ratio is 1.0 or less. 
in tie, case of the Ca/TC ratio (Fig) 5) about firtteem per— 
cent of the total cations need to be calcium to ensure opti- 
mum yield. This compares with other research by Howard and 
Adams (1965) who observed a critical Ca/TC ratio of 0.1- 
0.15 for optimum growth of primary cotton roots (Gossypium 
hirsutum), and Lyle and Adams (1971) who give a critical 


BacloszO. 6.10 for optimum elongation of loblolly pine (Pinus 


tacda lie), LOOtS. 
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In experiments I, II and III the Mg/Ca ratio and Ca/Tc 
ratio are in a sense a reciprocal of each other and both 
have similar correlation coefficients. The Ca/TC ratio 
takes into consideration the change in concentration of 
all other ions relative to calcium. Therefore, the Mg/Ca 
Taclonrssessentially as partlotethesGa/TCeratio. Other 
research has concluded that the Mg/Ca ratio can better be 
expressed by the Ca/Tc ratio, and that the former is really 
only part of the latter (Khasawneh 1971). It is reasoned 
that the ion antagonistic effects on calcium are the result 
of the total cation concentration in solution and not re- 
stricted to the magensium concentration. However, in the 
case of experiments I and II, especially the latter, mag- 
nesium would have a greater contribution towards ionic 
strength than monovalent cations. Furthermore, calcium 
and magnesium have similar ion activity coefficients, so 
that, the Mg/Ca ratio in molar concentration would be simi- 
lar to the Mg/Ca ratio in molar activities (Lyle and Adams 
1971). Therefore, taking the above into consideration, and 
the fact that high magnesium levels are found in some Solo- 
netzic soils, the Mg/Ca is still a useful parameter for 
assessing if calcium limitations exist in soil solutions. 

In conclusion, experiments I, II andIII indicate that 
the Mg/Ca ratio and Ca/TC ratio are useful parameters for 


characterizing the soil solution, in regards to the cal- 
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cium regime, although the latter ratio is more versatile, 
as it is capable of evaluating the whole cation environment. 
' Observations from soil solutions at field moisture levels 
(Tables 5 and 6) show adverse Mg/Ca and Ca/TC ratios exist 
in the Ap horizons of the Solonetz soil (i.e. Duagh) and 


Bnt horizons of Solonetz and Solodized Solonetz soils. 


5. Experiments IV and V (Mg/Ca 1.0 and 0.5: Ca/Tc 0.018- 
O209 0 3EC 3.7; {£4 0.076-0.080) 


Experiments IV and V had constant EC (mmhos/cm) in each 
treatment and fairly constant ionic strength (Tables 11 and 
12). The Mg/Ca ratio was constant at) 120 and 0.5, in each 
treatment of experiments IV and V respectively. The ob- 
jective of these two experiments was to assess the effect 
of increasing Ca/TC ratios, keeping the Mg/Ca ratio constant, 
on growth of barley. At the same time, the potassium levels 
in each treatment were reduced to an average of those ob- 
served at half available moisture percent in soil solutions 
Of sSolonetzic Soils) (078 meq/l)yein contrast to theshiogn 
amount used in experiments I to III (6.0meq/l). This was 
done to measure the effect of increasing Ca/TC ratio on 
potassium uptake, at fairly high levels of sodium. 

In regards to experiment IV significant increases in 
yield are shown, as the Ca/TC ratio increases (Table 16). 
After one week of growth, treatments 1, 2 and 3 (Ca/TCratios 
0.018, 0.036 and 0.045 respectively) showed withering 


symptoms on the emerging third leaf. At the end of three 
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on growth of barley in experiment IV 


Table 16. Yields of tops and roots of barley from experi- 
ment IV (g dry weight) 


Treatments i} 2 


Tops ie” eeare 2.67¢ 3.35b 3.93a 


Roots 0.48c 0.58b Orla fe 0.82ba 0.96a 


e Values in the same row that have a letter in common 
are not significantly different (P< 0.05) 


95 
weeks, the remaining treatments 4 and 5 (Ca/TC 0.055 and 
0.090 respectively) also had some of the above symptoms. 
For instance, symptoms were observed on 100, 100, 95, 38 
andel4a percent OL plants an treatments Ueno yee and 5, 
respectively. Therefore, higher levels of calcium (}5meq/1 
and Ca/TC 0.090) would be required to eliminate any of the 
observed symptoms and give further yield increases. 

Experiment V gave similar results as experiment IV 
in regards to yield (Table 17) and withering of the emer- 
ging leaf. Symptoms were observed on 100, 76, 28 and 10 
percent of plants in treatments 1, 2, 3 and 4 respectively. 
Tn suconr sponds tod: Ca/ TCsrattonor 20201078 0.050 0.055 
and 0.090 for treatments 1-4, respectively. 

Both experiments IV and V indicate that optimum Mg/Ca 
ratios must also have adequate Ca/TC ratios to prevent 
yield decline. In this case, calcium concentration can be 
used to correlate with relative yield because both experi- 
ments IV and V have the same ionic strength. However, 
experiments with differing ionic strength (such as experi- 
ments I and III), as mentioned earlier, will give poor 
correlation to relative yield using only calcium concen- 
tration. This was also noted by Pearson (1971). Therefore, 
the utility of the Ca/TC ratio in predicting low calcium 
levels, even when the Mg/Ca ratio is optimum, iS further 


demonstrated. 
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Table 17. Yields of tops and roots of barley from experi- 
ment V (g dry weight) 


Treatments al 2 3 4 
Tops 0.86c" 3.03b 3.18ba 4, 22a 
Roots Ons 2d ORG 0.88b 8a 
te 


Values in the same row that have a letter in common 
are not significantly different (PS 0.05) 


6. Calcium deficiency vs magnesium toxicity 


In all experiments adverse Mg/Ca or Ca/TC ratios, pro- 
duced withering of the emerging leaf. Another consistent 
symptom was a spiralling of the base of the withered leaf. 
Similar symptoms were observed by Trelease and Trelease 
(1931) in barley, corn, rye and wheat at the third leaf 
stage, when the Mg/Ca ratio exceeded 1.0. They concluded 
that the injury was mainly due to magnesium when magnesium 
concentration exceeds that of calcium. High magnesium in 
relation to calcium will result in rapid absorption of mag- 
nesium, which unless accompanied by sufficient calcium will 
exert toxic effects. Trelease and Trelease (1931) further 
observed that magnesium injuries could be inhibited by 
addition of strontium, therefore magnesium toxicity rather 


than calcium deficiency is envisioned. However, in solu- 
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tion culture strontium can replace calcium to some extent 
(Chapman 1966). Therefore, the evidence for magnesium 
toxicity may not be that conclusive. Mostafa and Ulrich 
(1976) found that magnesium induced calcium deficiency in 
sugarbeets at a Mg/Ca ratio of over 1.0. They concluded 
that magnesium interferes with calcium uptake. In this 
study, similar symptoms occurred at either adverse Mg/Ca 
or Ca/TC ratios, although the spiralling phenomenon was 
more pronounced in the former. It would seem as if the 
symptoms are due to calcium deficiency induced by high 
amounts of magnesium or other ions, even though calcium 
levels per se may not be nutritionally limiting. Therefore, 
ion antagonistic effects on calcium uptake coupled with an 
inadequate balance of calcium to other ions, to protect 
absorption processes, is envisioned as the cause for symp- 
toms of calcium deficiency. In conclusion, the role of 
calcium in regulating the physiological effects of other 
ions On plant growth (Lund 1970; Wyn Jones and Lunt) 1396/; 
and Wallace et al.1966) is evident at the concentrations 
and ratios of ions found in the soil solutions of Solonet- 


ZT Ce SOLLS. 


i os 
Pay ~? 
ae a im 

SoA 32" 

be ae a 
tii’) toh eee 
28 Weighs 1 bits owt PaLaa —— 
Mito e> yee? ej adres Fe: 7 al 
side ss ae kei fark ay pine yue i, inti sede 

it snagged ingly: ds eeciaae awt | onereee 7 

bay dopey pack Pardee er pied JB ; 

wa) X2 eo mee Olueu ah peas At Af Reeeconi 9 
donf.vs Gasital Pah, ee gob eee 
jend*§ Shade eee era | aaltio te itary Sain | 
SJoga? » SoWipiards eighth tagans: 1 $28 ie aren 
ihe Greligper ‘velmyer dail pte ay. ISIN 
pathy 339, ih: ees (92) pavrio safes yey wes 
“sty S07 et ve ae s- theese say wea2ey 


a its hes a Ona a 
y tasters Soth Uh dl’ RES. 
. a en ema: 


nates > ~*iae © 
5 oe 


~ 


we 


98 


Gr. Calcium deficiency in barley induced by 
low calcium and high amounts of other ions 
Inesolutson 


Plant Analyses 

Plant analyses for sodium, potassium, magnesium and 
calcium for experiments I to V are given in Tables 18 to 22. 
The first observation is the close correlation between the 
Mg/Ca ratio’ of the solution {in meq/1) to that found in the 
perred leaves (in %). The calculated correlation coeffic- 
dent using the total data was 0.9799 (Fig 6)° “If both ratios 
are expressed on a milliequivalent basis then the same 
ratio approximately is found in both solution and leaves. 


This of course, is the end result of many intermediate pro- 


; ,) At y vit : 7 +) a 
ms oer frseles ry — 
” 


iain ak a 


att ae 


Gnas talieeopee ee Ro, «codes ce Seay fecn scaly 
Fad. Ot satde? 4) cavity » e214 Vitel attenhsaiges +05 py ibiee 
ote detent cokgabiies: went aA bk oc serieeds javtt san 
oi st aeweos ids we | Oye ety at 28s. a4) Wo o2307 BOA 
Aitiers naisdteres te sntaahae od te ak) aoveet Yoload 
ae Se tates elt quiaw gna © 
| wes oe aes» ni 


og 


Tables! se Plant analyses of tops and roots cf bariley 
in Experiment I 


Treatment 
1 2 3 4 5 
% Tops 
Ca 0.52a° 0.38b 0.28c 0. 20d Delve 
Mg 0. 24b 0.32b 0.37b 0.41b 1.04a 
Na. 0.74b 0.76b 0.78b 0.78b 2.18a 
K 4.45a 4.77a 5.04a 4.44a 3.56b 
Roots 
Ca 0.18a 0.16b 0.15b 0.10c 0.15b 
Mg O.1lb O.11b 0.15b 0.14b 0.34a 
Na 0.41b 0.40b O85 2508 40n4 2b 0.67a 
K 3.47a 3.30a 3.96a 3.56a 2.90b 


Values in the same row that have a letter in common 
are not significantly different (PSS 0.05) 


Table 19. Plant analyses of tops and roots of barley 
in Experiment II 


Treatment 
uf 2 3 
% Tops 
Ca O.5la™ 0.33b 0.20c 
Mg OLS la Omsza 0. 29a 
Na OZ ec OF S26 O759a 
K 4,73a 4.63b 3.47c 
Roots 
Ca Orga Oe 2b Ou 
Mg O.13a Oma O.13a 
Na Fi Hale) Spy CAGE 3.004 
K 4,07a Gh, OAS) 225106 


+Values in the same row that have a letter in common 
are not significantly different (P & 0.05) 
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Table 20. Plant analyses of tops and roots of barley 
in Experiment III 


% 


Treatment Ca Mg Na 9 
ee nN ee es eee ee 
Tops 
1 Gissa” 0.194 2.70d 2.33a 
2 0. 28b avaike) 2090 4 Ae) 
3 Oly AP Xe Oe Zid 2.000 Zeer lniel 
4. Opsls7d On 32¢ 3.40c OSG 
5 Oy lise Oes6be 3.60c ihn eye 
6 Onnlw/.d 0.41lb 4.20b eo La 
7 Osa Ona Jee! 1.08e 
Roots 
1 O.2la OAL ere Z2.00c 2.54a 
2 0.18a Oathcre: 2,.00¢C 2.6la 
3 Or L5b 0.14bc 2 AMS) 2.4la 
4 3). (EAs Oza b He Vasile, 2.020 
5 De: (a) iste) VIS CV e) 2 29D 
6 Oe D Oc eb 2.46b Teepe) 
i 0.18a On350 Seva Mieke! 


a Values in the same column that have a letter in com- 
mon are not significantly different (P<£0.05) 
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0.28a 
O0.20a 
2 eOG 
ee he) 


ORL Sb 
Onl3a 
oO LG 
2.43a 


SO 


0.30a 
Oe2ta 
PAP HEXe | 
3.0la 


Oeics 
Oot 2Za 
OC 
2.45a 


Table 21. Plant analyses of tops and roots of barley in 
Experiment IV 
Treatment 
HL 2 3 
% Tops 
Ca 0.170" 0.18¢ 0.22b 
Mg 0.14b O2L6b 0.18ba 
Na 4.07a bis 210) ©) 2.90c 
K 1.45e ro3d 2c oc 
Roots 
Ca 0.14b Oadbsie 0.14b 
Mg Oe boa: ORZa: OeLla 
Na 2e2oa EPS eee) Ze02D 
K 250 7b (BSS eH) 2elOb 


e Values in the same row that have a letter in common 
are not significantly different (P& 0.05) 


Table 22. 
Experiment V 
ae 
% 
Ca Oy eae 
Mg (ORO ae! 
Na 5. 63a 
K O7.90c 
Ca OF ELD 
Mg 0.09b 
Na 1.43a 
K Onv2c 
ub 


Treatment 
2 3 
Tops 
O2L8b 0.19b 
Of Eb @ AEN 
4,30b Sianeie 
22005 2.0/7b 


Roots 
Gh Ibe) Orrle2is 
ORO Oiiee at 
39a L20b 
dle 42 Ha) Hi eke) ¢) 


O.1l4a 
OmLsa 
We ashe 
Oe Ola 


Plant analyses of tops and roots of barley in 


Values in the same row that have a letter in common 
aresnot signaticantly different (P 0.05) 
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Mg/Ca Ratio in Soil Solution (meq/®) 


Figure 6. Correlation between the Mg/Ca ratio found in 
solution to that found in the leaves of bar- 
ley (dry weight ) 
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cesses in ion absorption and does not lem itself to specu- 
lation on rates of absorption of calcium and magnesium. 
‘Such factors as import and export of ions from leaves, 
growth of leaf, age, rate of transpiration, temperature as 
well as composition of the solution will regulate ion con- 
centration in the leaf (Pitman 1975). However, the fact 
that adverse ratios of magnesium to calcium gave similar 
ratios in the leaves of barley after a few weeks of growth 
could provide an indirect way of assessing nutritional 
limitations. 

Another important correlation is the percentage of 
calcium in the foliage and percentage of calcium of the 
total cations in solution, which gives a correlation co- 
efficient of 0.931 (Fig. 7). Comparison of the concentra- 


tions CE calcium im the various solutions used and the cor— 


responding percentage of calcium in the 


conrelation-. For instance, treatment 3 


foliage give little 


of experiments II 


and III have a similar percentage of calcium in the foliage 


andether same, Ca/TCeratiowin sOLULITOn,. but eCOnCeNCratLoOncs of 


Galcium in solution are much different. 
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cium deficiency symptoms in young wheat 
study, calcium deficiency symptoms were 
plants when the calcium percentage fell 


occurred at different and in most cases 


According to Chap- 
than 0.14 gave cal- 
Dlants . melas 
observed on all 
below 0.22. This 


at relatively high 


concentrations of calcium but at the same ratio of calcium 


atin o? tints 


apieetqsrs Brn 
eecer et 7 » aon peta 
26 -aMeRTON 72 ey ape, tame | 
pen Anl oa tien Ld cestogem fd So nok stdagnes 
tyet aty copwaiedt .(SOGR Gaeta) wet ody ol ack 
‘wiles woot owtoten Ge tiieedighka Io GolteT waxowte Jes 
drags 9a od Set A “heat By qeiiat 16 corneal wag ag e6b 
frei) Sum palzeeiég ts pes Joes iar Gs shboig 04 
saabhebeiht 
fe “iaspadi, Saf Ot hee Pare bnésagynd seitaaoh ia iF 
sad 2p abcde A SmeMN eg Mae seertay bt At ita 
«33 1014 9 otien 4 Saaky: didi leod mu ioe tt sinlei Sae 
secpaech td, wt art bas = .gie) Teu.ode 4 
+129) an) bAe_ “ey a svelte he qemiias adi.nt ovz2tes, te nea 
eitstl, eeio ophtdnd ear wi hich lected ats Spe IIG gaan, . 
17 weorweieg th 20% feria ne dnecatk “rei ao bseleises A 
mei td? 2d) ri nba hes $n i lal sefsele B) ever Fri inte : 
te “phl'sé2s7unhind, ame. eked ie Ba attcy. wv. enee ods bn ih 
—gurks G3 wet chew saab dig nse mobiles 6a uakotens 
etde wh) + isl pods nie. $5 sighing on, guinieh o (seer) neat 
aceet cz vey pail Bd mmvaqmmes vanlniiee mia 


104 


0.5 


0.4 


r=0.931 


0.3 


0.2 


% Calcium in Barley Leaves 


0.1 


0 10 20 30 


% Calcium of Cations in Solution 


Figure 7. Correlation of percentage calcium in barley 
leaves with percentage calcium of cations 
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to other cations. Therefore, the importance of the ratio 
of calcium to other ions in assessing calcium availability 
for plant growth is established. This also confirms the 
results of Lund (1970) and Wallace et al.(1966, 1968) in 
that the calcium requirement in solution for optimum plant 
growth is dependent on the concentration of other ions in 
solution. 

In experiments I, III, IV and V, constant potassium 
and sodium concentration in solution at different calcium 
concentrations, allow the effect of calcium on selectivity 
of sodium and potassium uptake to be assessed. Other re- 
search has shown that the ability of plants to take up 
potassium selectively appears to depend on availability of 
divalent cations (Pitman 1975). Observations from experi- 
ments allie, elVeandsv. (Tablesil8.—922) “ndicate that sodium 
uptake significantly increases, while potassium uptake sig- 
nificantly decreases, as the Ca/TC ratio declines in the 
solution. Treatments which showed extreme calcium deficiency 
gave greater indication of the above phenomenon. This would 
indicate that calcium is an essential element in encouraging 
potassium selectivity and uptake in the presence of a com- 
petitive ion such as sodium. Therefore, the conclusions of 
Pitman (1975) should be expressed as the availability of 
calcium rather than divalent ions, as magnesium could not 


replace calcium in maintaining potassium selectivity. The 
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importance of calcium for potassium uptake is more plo 
nounced in saline solutions. This can be seen in aliens, es! 
“where relatively saline solutions (experiments III and V) 
give much lower potassium to sodium ratios in the leaves, 
than non-saline solutions (experiment I), as the Ca/TC 
ratio decreases in solution, causing potassium to approach 
deficiency levels (0.70 - 1.50% dry weight basis) in the 
leaves. Therefore, competition between potassium and 
sodium for uptake into the plant cannot be completely under- 
stood from a basis of their concentration and ratio alone, 
as proposed by Heimann and Ratner (1962), nor by the con- 
centration of divalent cations (Pitman 1975). The essential 
factor is to supply an adequate percentage of calcium in 
solution, this will depend of course on the level of salin- 
ity. Saline solutions found in some Solonetz A horizons 

and Solonetz and Solodized Solonetz B horizons will need a 
Ca/TC ratio in excess of 0.1 to maintain potassium levels 
over 2.0% in the leaves. Moreover, as long as adequate 
levels of calcium are present the potassium concentration 

in the soil solution can be low. This is demonstrated in 
experiment III (6.0meqK/1) and experiment V (0.8meqK/1). In 
regards to the latter experiment, potassium selectivity was 
maintained even at very low potassium concentrations, pro- 
vided the Ca/TC ratio was not limiting. This is in agree- 


ment with the kinetics of potassium absorption as proposed 
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Figure 8. Uptake of potassium and sodium at different 
levels of calcium in solution from experi- 
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by Epstein (1969 and 1972), in that, the mechanism which 
causes the absorption of potassium at low concentrations 
(1.0 meqK/1) has a greater affinity for potassium than 
sodium. Long term field experiments on Solonetzic soils 
have shown that decreases in soil sodium and increases in 
soil calcium, by use of various ammendments were correlated 
with increased potassium levels in the crop. In some cases 
the potassium level in the leaves had increased from defi- 
ciency levels to sufficiency levels (Cairns et al. 1967; 
Cairns 1971). Therefore, the principles behind calcium 
involvement in sodium and potassium uptake may be important 
factors in assessing nutritional Jamitatrons on Solonetzic 
soils. 

In conclusion, the dynamics of potassium and sodium 
selectivity and uptake along with yield of barley are con- 
dteioned by the proportions of calcium) in the vsorl = solucion. 
Furthermore, calcium uptake is dependent on the ratio of 
Calcium to total cations rather than the actual = concentra— 
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SOIL STUDIES 


I - MATERIALS AND METHODS 


The first series of soil experiments were conducted to 
determine if barley grown in Solonetzic soils, would have 
Similar cation ratios in the foliage, after four weeks of 
growth, as that found in culture solutions simulating the 
displaced soil solution (at half available moisture) of Sol- 
onetizc soils (Tables 5 and 6). To this end, barley (Hor- 
deum vulgare var Galt) was grown in plastic pots (ID 18cm 
x 17cm depth) which held between 2000 - 3000 grams of soil 
(air dry basis). The soil was first moistened to the half 
available moisture level uSing an atomiser. Reagent grade 
NH, NO, and KH, PO, were dissolved in the water, to add 35ppm, 
9ppm and 22ppm of N, P and K respectively, to each pot, so 
that over the short growth period the macro-nutrients would 
not be limiting. The pots were covered with plastic film 
to prevent evaporation. After germination, the seedlings 
were thinned to give six uniform plants perepot..) Perlite 
was added to the soil surface and the plastic film, with 
holes for each plant, placed over the top of each pot. Dur- 
ing the four week growth period, distilled water was added 
as needed to maintain each pot at the half available mois- 


ture weight. However, due to the short growth period, and 
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large amount of soil little water was added. The moisture 
content of each soil fluctuated between -15 bar (or lower) 
and half available moisture. Under this range the Mg/Ca 
ratio and Ca/TC ratio does not vary drastically. For ex- 
ample, a Saline Hemaruka Bnt horizon only showed a change 
Ofeo 02) tO 1S. 50 7in theiMg/Ga ratio trom —l5ubarestounalt 
available moisture percentage, while no change occurred 
WithechesCa/ TC rataon( Tables) S sand) 7). 

The second series of experiments were designed to 


determine the effect of gypsum (CaSO -2H,0) ammendments, 


4 
mixed into the soil, on the yield of barley and assess any 
changes in the cation ratios of the leaves. Only two soils 
were used, a Killam Bnt and a Duagh Ap (Chipman). Gypsum 
was mixed dry at the rate of 4.66 and 9.32 meq/100g with 

air dry Killam Bnt horizon samples to give the equivalent 

of approximately 9 and 18 tonnes of gypsum per hectare - 
15cm depth. The Duagh Ap horizon from Chipman had only the 
high rate of gypsum mixed into the soil. Similar procedures 
were used as in the first experiment except the following: 
smaller pots were used (ID 15cm x llcm depth); weight of 

soil was 2656 grams and 1550 grams of air dry soil in the 
case of the Killam Bnt and Duagh Ap respectively. All analy- 


ses of plant material were done by procedures outlined in 


other sections. 
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II - RESULTS AND DISCUSSION 


1. Characteristics of barley growth on 
Solonetzic soil horizons 


Data given in Table 23 show that similar growth perfor- 
mance was found from soil solutions in situ to that simulated 
in nutrient solution. Those soil horizons with adverse 
Mg/Ca ratios or Ca/TC ratios (e.g. Killam Bnt, Hemaruka Bnt 
and Duagh Ap) soon developed calcium deficiency symptoms 
and reductions in growth. Soil horizons with extremely 
high Mg/Ca ratios (i.e Killam and Hemaruka Bnt) developed 
severe calcium deficiency. In regards to the Duagh Ap, 
only one plant showed calcium deficiency symptoms, but all 
exhibited poor growth. . This would indicate that growth 
performance can be estimated by displaced soil solutions. 

Ratios of Mg/Ca and Ca/TC in the leaves were determined 
and the respective soil solution ratios were calculated 
(see Table 23) using the linear regression equations deter- 
mined in solution culture (Figs. 6 and 7). Comparisons be- 
tween the actual ratios in displaced solution (Tables 5 and 
6) and the calculated ratios for the soil solution in situ 
(Table 23) show good agreement. Therefore, although the 
concentration of ions in leaves of plants grown in syobiah can 
differ to those grown in solution culture, due to variations 


in distribution of ions and water stress in the soil (Pitman 
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Ue Calcium deficiency in barley grown on 
a Killam Bnt horizon 

1975); the ratios of ions, especially calcium to other ions, 
does retain some correlation. This leads to the possibility, 
that the calcium status of the soil soltuion could be esti- 
mated by use of a biological assay such as leaf analysis. 
The relationship between ion uptake and ion concentrations 
in the soil solution would, of course, differ between plant 
species and age of plant. Therefore, the linear regression 
as given in Figs. 6 and 7 would only be specific for barley 
or perhaps the variety of barley used in this study. 


Evidence that the soil solution alone characterizes 
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the environment of plant roots is difficult to determine 
from non-saline soil horizons (Table 23). Non-saline soils 
S@icotmkKi tb lam Ap, Malmo Ap and Halliday Bt) would maintain a 
Similar Mg/Ca ratio in solution as on the colloids, especi- 
ally as the selectivity of calcium and adsorption by clay 

is only preferred over magnesium by a factor of 1.2 (Bolt 
1976). However, soils with appreciable salt content in the 
soil solution (i.e. Killam Bnt, Hemaruka Bnt and to a lesser 
extent Duagh Ap) would develop multiple equilibria between 
colloids, solid salts and ions in solution, at low moisture 
levels. This three phase system would sisune higher mag- 
nesium in the soil solution, at low moisture percentage, 

due to the greater solubility of magnesium sulphate over 
calcium sulphate (Khan and Webster 1966). The outcome of 
this would be a different Mg/Ca ratio in solution than on 
thescollo1dss( Tables23)aeinercalculeatironsot sthemrarto in 
solution of calcium to other ions, using leaf analysis, in 
soils with appreciable salts in the soil solution, indicates 
that the soil solution (determined by displacement at half 
available moisture) characterizes the environment of plant 
roots. This is demonstrated by the agreement of the calcu- 
lated Mg/Ca ratio and displaced Mg/Ca ratio, in contrast to 
the large difference between the calculated Mg/Ca ratio and 
the Mg/Ca ratio on the colloids (Table 23). Therefore, bio- 


logical assessment of the calcium status of thesisoid solution 


sh hae ad coomeeesh pene ope $ acca 

6 aio Rikas thine ia se pet 

ase oft ty al se, rede | Kens 
(440 42 Sad conn bra mh te a ; 
yimel 6.1 $6 cegaad * qa cosmenmeet 

hd a tamacie ce aed 
segtet Bor tre wel spp eet island 6 5tP aphanden © mt 
tanbered em a le da Rear 

ertta cos it! 20 cia neh ok OC) a Siew al A ae 


nae sini lh ee mee 


' 


ug tA rete te, shoe ee 


4 
_ bo ts 


t @ee2sei 


sases Mark in unple ees nits. ity 
Tiroam fe JAd we 
jmaka te s ata: ec 


up ies tite Si oa i | 


joa 3) 


at field moisture levels, by use of leaf analysis, could 
be a useful assay of nutritional limitations in soils with 
saline soil solutions. 

An interesting feature is that high magnesium in the 
soil solution of a Killam Bnt does not result in subsequent 
high magnesium uptake by the plant (Table 23). However, 
the adverse Mg/Ca ratio in solution is still reflected in 
the high Mg/Ca ratio in the plant as observed earlier (Fig. 
6). Therefore, the importance of the Mg/Ca ratio is, again, 
demonstrated over that of magnesium uptake alone. 

In all cases, high sodium uptake Recta with low 
potassium uptake, causing potassium to reach deficiency 
levels (0.70-1.50% dry weight). As the levels of potassium 
increase and sodium decrease a concomitant increase in cal- 
cium uptake occurs. Therefore, plant growth in the soil 
shows sim lanpecrends to mnatetound 10 solutz0n culture and 
indicates that ion uptake of sodium and potassium is modi- 
fied by the calcium regime. Also, leaf analysis does pro- 
vide an indirect assessment of the root environment. 

Root growth was sensitive to the level of calcium to 
other ions (Table 18). Soils with adverse Mg/Ca ratios 
or very low Ca/TC ratios gave Wery poor root growth. This 
agrees with past work (Howard and Adams 1965; Tanaka and 
Woods 1972, 1973) which indicated that calcium deficiency 


is most severe in roots due to poor calcium mobility within 
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the plant and need for constant adequate calcium levels in 
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Sie Calcium deficiency in barley grown on 
a Hemaruka Bnt horizon 


age Effect of ammendments on plant growth 


The effect of added gypsum (CaSO, .2H,0) to supply solu- 
ble calcium to soils with low calcium to other cation ratios 
is given in Tables 24 and 5. In the case of the Killam Bnt 
horizon (Table 24) additions of calcium gave significant 


increases in yield over the check and prevented any occur- 
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rence of calcium deficiency. Root growth was also improved. 
This would indicate that soils with high Mg/Ca ratios or 
wlow Ca/TCtratios will respond to calcium ammendments as long 
as the ammendment is mixed well into the soil. ‘The Signifi- 
cant increase in yield from 9 tonnes/ha to 18 tonnes/ha of 
Gypsum, indicates that even though calcium deficiency has 
been alleviated, a calcium limitation may still exist to 
prevent optimum yield. 

Additions of calcium gave marked changes in the soil 
solution of the root environment. This caused significant 
changes in leaf composition (Table oAe Calcium was increas- 
ed while magnesium decreased, resulting in changes in the 
Mg/Ca ratio. Use of the linear regression equations in 
Fig, 6 and 7, gave the estimated Mg/Ca ratios and Ca/TC 
PAtios sin =the sorl* solution. “SOLO eratios: werersclGna li cantly, 
improved by the calcium ammendment, even though the Mg/Ca 
ratio still appeared limiting, even at the highest rate of 
gypsum. Therefore, additional rates of gypsum may give 
even greater yield increases. However, under natural con- 
ditions the magnesium exchanged by the calcium may be lost 
from the wot environment due to leaching and allow a more 
favourable ratio of Mg/Ca to’ exist. 

Comparison of the differential uptake of sodium and 
potassium, indicates that an improved calcium regime allows 
a significant increase in potassium uptake, followed by a 


concomitant decrease in sodium uptake. This occurs in the 
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absence of leaching when both soils contain the same amounts 
of sodium and potassium. In regard to the check, (Table 24) 
‘the low level of potassium in the leaves borders on the 
range commonly considered to indicate potassium deficiency 
(0.70-1.50% dry weight). Therefore, the addition of cal- 
cium not only ameliorates calcium deficiency but also pre- 
vents the possibility of potassium deficiency caused by 
impeded uptake due to sodium competition. 

Similar trends were found when gypsum was added to a 
Duagh Ap (Chipman) horizon (Table 25). Although calcium 
deficiency was only observed on one plant (out of 18) in 
the check soil, the addition of calcium did significantly 
increase yield and give similar changes in leaf analysis, 
as found with the Killam Bnt ammended soil. This would 
indicate that calcium limitations ("hidden hunger") exist 
in the Ap horizon of some Solonetz soils and prevent opti- 
mum yield being obtained. 

In conclusion, the results from ammending soils with 
Calcium agree with thateround in solution culture. ihey 
also illustrate the usefulness of displaced soil solutions 
in predicting the calcium status of Solonetzic soils. Low 
Ca/TC ratios or high Mg/Ca ratios, as determined by dis- 
placement technique, in the soil solution were useful para- 


meters for evaluating the need for calcium ammendments. 
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9. Effect of added gypsum on barley growth ona 
Killam Bnt horizon 


a ——— 4 4 

y Mh , A 

\ Vd 4 ee 
\ es 


conTROL! 


doU4 
\Btonnes/ha 


10. Effect of added gypsum on barley growth on a 
Duagh Ap (Chipman) horizon 


SUMMARY AND CONCLUSIONS 


Characterization of several Solonetzic soils gave 
results in agreement with earlier work (Bowser et al.1962; 
Cairns 1961). Analysis of saturation paste extracts in- 
dicated that an increase in calcium and calcium to total 
‘cation ratio (Ca/TC) occurred with a concomitant decrease 
in sodium and magnesium to calcium ratio (Mg/Ca) along 
the Solonetz to Solod sequence. Although the soluble Mg/ 
Ca ratio is lower in the Solod soils, the actual concen- 
tration of magnesium is sometimes increased over that 
found in the saturation paste extracts of Solonetz and 
Solodized Solonetz soils. 

In regards to the exchangeable cations, an increase 
in the calcium to sodium ratio and decrease in the mag- 
nesium to calcium ratio occurs from a Solonetz to a Solod 
soil. The calcium to sodium imbalance in the Solonetz or 
Solodized Solonetz soil is demonstrated by the positive 
value given for the gypsum requirement test, as compared 
to the Solod soil which had no gypsum requirement. Levels 
of exchangeable magnesium showed no consistent trends be- 
tween Solonetz and Solod soils. Therefore, both soluble 
and exchangeable phases, in general, show an increase in 


calcium and decrease in sodium along the Solonetz ‘to Solod 
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sequence, as the main chemical characteristic. Exchange- 
able sodium percentages are below 25 in the Bnt horizons 
‘of Solonetz or Solodized Solonetz soils and would not con- 
stitute a nutritional problem for most grasses or legumes 
according to Bernstein (1975) and Pearson (1960). How- 
ever, the relatively high exchangeable magnesium would 
develop nutritional problems when coupled with the low 
exchangeable calcium found in the Solonetz Ap or Bnt 
horizons of both the Solonetz and the Solodized Solonetz 
soils studied (Joffe and Zimmerman 1944). 

Miscible displacement of the soil solution at the 
moisture level between -15 bar and -1/3 bar, using either 
calcium chloride or ethanol, gave similar and consistent 
analytical results for ionic constituents of consecutive 
portions of the displaced solution. Differences between 
soil solutions of Solonetz or Solodized Solonetz and Solod 
soils, at field moisture levels, were similar to those 
explained above. Comparison of saturation paste extracts 
and displaced soil solutions showed an expected increase 
in salinity as the moisture level in the soil decreased. 
This is an important factor, as the linear increase in 
salinity is specific for each soil, therefore concentra- 
tions of ions cannot be extrapolated from saturation paste 
extracts alone. Magnesium to calcium ratios were similar 


in the soil solution at field moisture levels as at satur- 
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ation paste. However, highly saline soil solutions (e.g. 
Hemaruka Bnt ) gave higher Mg/Ca ratios at field moisture 
levels than at saturation paste due to the relatively 
greater solubility of magnesium sulphate over calcium sul- 
phate. In general, the Ca/TC ratio is increased at the 
field moisture levels over that found at saturation paste. 
This was considered due to the dilution and valency effect, 
whereby the concentrating of a soil solution system causes 
adsorption of lower valency ions (i.e. sodium) over that 

of higher valency ions (i.e. calcium and magnesium). There- 
fore, with the exception of relatively saline soil solu- 
tions, saturation paste extracts are adequate for esti- 
mating ratios of calcium to other ions at field moisture 
levels. The results from saturation paste extracts, 
exchangeable cations and displaced soil solutions, indicate 
that physiological factors such as high salinity and spe- 
cific salt effects caused by unbalanced ratios of calcium 
to other ions, are present in the Ap horizon of Solonetz 
and Bnt horizon of Solonetz and Solodized Solonetz soils 
studied. 

Solution culture studies simulating the concentrations 
and ratios of ions found in the field moisture range, al- 
lowed the effect of physiological factors to be assessed 
free of any soil physical effects. Increasing Mg/Ca ratios 


over 1.0 gave a decrease in growth of barley tops and roots, 
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25 
regardless of the salinity level of the solution. Similar 
results were observed when the Ca/TC ratio fell below 0.15. 
The Mg/Ca ratio was considered Dart of the Ca71TC ratio, as 
the latter ratio reflected the total cation environment 
including magnesium. Therefore, the Ca/TC ratio was more 
versatile. However, the Mg/Ca ratio was still a useful 
parameter for high magnesium soil solutions. In general, 
the effect of the adverse ratios was more pronounced at 
the seedling stage. Adverse ratios produced yield declines 
which were followed by evidence of plant stress diagnosed 
as calcium deficiency. Typical symptoms were withering of 
the emerging third or fourth leaf and spiralling of the 
leaf base. Symptoms were more pronounced under adverse 
magnesium to calcium ratios. Yield decline and calcium 
deficiency symptoms were not correlated with actual con- 
eentrations of magnesium or calcium in solution but were 
with the ratio of calcium to other ions. it is considered 
that the uptake of calcium is disrupted or interfered with 
by other ions, so that, the calcium deficiency symptoms 
are evidence of ion antagonistic effects on calcium uptake. 
This could be overcome by increasing calcium levels to give 
optimum ratios of calcium to other ions. Therefore, the 
physiological role of calcium in ameliorating the detri- 
mental effects of other ions on plant growth is an import- 


ant factor for consideration on solonetzic soils. Further- 


; . ts 7 | 
| i eae ue 
= specs _ re ac pres a ar 

2 : 
olga: OP\eb- =e i 
ote wot ie wine okies ore wa 
ary, mgituiogn’ ride mulsedaa <m 
pow me pee 
Orx TAS “ise= sietavba 
‘ Dively lecrhory ‘eobtes ners . 
aa a -agiae Ansig a ane bimesiat © 
i. caw: 
* peace Beer: afivoF alae 
nA a s2.9@ Bab fel : 
pubis deerebtinting sine wh oe 
a eke tisit dec! boteo 
tote 
mb loi a 


tae 


126 


more, high correlation coefficients between yields and 
Mg/Ca ratios and Ca/TC ratios provide useful parameters 
to assess possible nutritional limitations, regardless of 
Salinity, for Solonetzic soils. 

The well known salinity limitation for plant growth 
on SolonetzZic soils was further demonstrated by displaced 
soil solutions. Electrical conductivity values for Bnt 
horizons of Solonetz and Solodized solonetz soils, dis- 
placed at half available moisture percentage, ranged from 
6.0 - 15.0 mmhos/cem. This indicates the potential salinity 
stress for plant growth present in sub-surface horizons of 
the above Solonetzic soils. 

Leaf and root analyses of barley grown in solution 
culture showed that the percent calcium content was corre- 
facedewithethe *Ca/TGsratio in solutions (ce=—" 07931) ce eLow 
Ca/TC ratios in solution gave low calcium in the plant. 
This occurred even when high amounts of calcium were used, 
so that, high calcium (15meq/1) and low Ca/TC ratio (0.11) 
would give decreased yield and low levels of calcium in 
the leaf (0.22% dry weight) to cause calcium deficiency 
symptoms. Therefore, the amount of calcium required in 
solution for optimum plant growth depends on the amount of 
other ions in solution. Furthermore, the ratio of calcium 
to other ions is shown to be important not only at the two 


extremes of nutrient supply, namely toxicity and deficiency, 


- st aah a : 
acme 
eae! 9 9 na ln | ate, ; 
bows ion tly ys Ledeen redexe® Gow allen | _ 
A. tot amici oueemartaes Jaokseaein f eA 
wih iobshe “anastasia Bh zed 
Sk Soy: nycindriong rardaibom sdeltove U8 4 De a 
Sindise (Ag dharhes +40. salar ad ait sme\nodinn 9.84.2 0 ' y > 
See i ee | are as ae ‘ut 
| akon op istenadee ovedie oda |e 
seem a, cme: i Be Sistas Joe, Sam aE my) 
~ 99309 anid siege nite tives ot Seed: BanatR 7 
wits ee Sh eae eee eee ee 
i@ wad a a Te ney alae a eaiiex : 
Bonar stew abides Re CR ee Td ‘in a 
| ) sekeoiean tpt oats gah 7 
¢ Seaham, eke Bi 


fer Gates.) ete + = 
uo ado es 7 


bey 


but at any level of calcium. The ratio of Mg/Ca in sol- 
ution was also correlated with the percent Mg/Ca in the 
leaves of barley (r = 0.979). Sodium and potassium up- 
take as reflected by their percent dry weight in the 
leaves was determined by the Ca/TC ratio in solution. 

As the Ca/TC ratio in solution decreases, sodium uptake 
increases at the expense of potassium uptake. This occurs 
regardless of the concentrations of sodium and potassium 
in solution. It was found that a Ca/TC ratio of greater 
than 10 percent was needed in solution, to maintain ade- 
quate potassium levels in the plant, so that potassium 
would not approach a deficiency range. 

Growth of barley on Ap or Bnt horizons of Solonetzic 
soils confirmed the results found in solution culture. 
Soil horizons with adverse Mg/Ca ratios or Ca/TC ratios, 
as determined by analysis of the displaced soil solution, 
gave evidence of calcium deficiency and reduced growth. 
Furthermore, the dynamics of sodium and potassium uptake, 
along with the modifying effect of calcium were observed 
in soil grown plants and were similar to that reported for 
solution culture. Use of a regression equation to deter- 
mine the Mg/Ca ratio in solution from the Mg/Ca ratio in 
the leaves, showed that solutions displaced from saline 
soils adequately characterized the root environment. 


Applications of calcium ammendments (ise. CaSO, . 2H,0) im- 
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proved growth of barley and prevented calcium deficiency, 
on those soils with adverse ratios of calcium to other 
ions, as well as improving potassium uptake. Therefore, 
Similar growth of barley found on soil horizons and in 
displaced soil solutions, indicate that the latter isa 
good estimate of the in situ soil solution. 

In conclusion, then, the Ap horizon of the Solonetz 
and Bnt horizon of the Solonetz and Solodized solonetz 
soils studied had an adverse ratio of calcium to other 
ions, in the soil solution, to give calcium limitations 
for optimum plant growth. ‘The problem ie not low calcium 
per _ se but low calcium and high levels of other ions which 
allow conditions conducive for salinity induced calcium 
deficiency. This has an important application for root 
growth, especially on Solodized Solonetz soils where a 
favourable A horizon and anhospitable B horizon would 
affect root penetration and distribution,.as well as mois-— 
tube and nutrient avallability... CerLainly, level s,otecal— 
cium in the B horizon may have a major effect on plant 
growth, due to the effect on root development, regardless 


if the calcium level in the A or C horizon is adequate. 
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APPENDEXe( ITT 


Nutrient Solution (Hoagland and Snyder 1933) 


meq/l of Nutrient Solution 


KNO, 5 
Ca(NO,), 10 
MgSO, .7H,0 4 
KH PO Ll 


2.4 
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APPENDIX IV 


Micronutrient supplement (Hewitt and Smith 1975) 


meq/1 of G /iaeL or 


Nutrient Solution Stock ene 
MnSo,.4H,0 0202 225 
ZnSO,.7H,O 02002 O29 
HBO. OLS BLO 
Na ,MoO, . 2H,0 OF 001 OZ 
Nacl Ores Syegele: 
CoSO,.7H,0 0.0004 OF 053 
CuSO, .5H.,0 0.002 : O72) 


1 ml of stock solution required for each 1000 ml 
of nutrient solution 


ontszie® jrneiatindt 


$0,9 


mest 
Se ea tenner See ea ie 
are tee ew re Sete ye Ns ES ere eet” 
ec nena aang ie aie nt em ne oe on 
gnc n NeS  E yr Iw EN 
Bree rere eaten trary an rR meres ete ee EE ee ra 
amr Pe Rap Ob ea age pon A ALR RISE eK 
a Fy erie Seep mene wesw se rer AY SNS ETB 
eh mY atts SEIS 
Se cater ea neecabnsietnes 


eae AP aterm ere as enh nts Mi FH SU eh et 
Se iegsimabes ins lane inc mn ciepsbelnnnlipneins chee es bec ibal rote 
aA a ee ap SN eR A ys ep 


Spode aeee ete bow eee sean) te 
Fate aa AS ee A UY 


qoeevetre ne 
ee aes ent 


